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IN  VIEW  of  the  present  edition  of  these  '  FragmeDte,* 
I  have  carefully  re-ezanuDed,  recast,  and  to  some  ex- 
teot  remodelled  them,  adding  some  new  ones  to  those 
published  in  former  editions. 


Id  rc^;ard  to  style  tbey  are  as  clear  and  simple  as 
I  could  make  them.  In  regard  to  matter  my  desire  ba« 
been  that  tbey  should  utter  nothing  base. 

JOBH   TmiliLL. 
Amofxinf  Cum :   ifarA  24,  18I«. 
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PREFACE 


THB    PIRST    SDITIUN. 


Trto' 


VrV  MOTIVE  in  writing  these  papers  was  mainly  that 
iU-  wliich  prompu-d  tliv  ptiblicntioa  of  my  Royal  Initi- 
ttttjau  Ifwtures ;  a  deaire,  namely,  Uk  extend  tympatliy  for 
jaeaof  Ixjyond  the  limits  of  the  fwiemtific  public. 

I  have  carefully  looked  over  all  the  uliulea  here 
led*  added  a  Uttlrt,  omitted  n  little — in  f&ct,  tried  as 
bt  u  my  time  permitted  to  render  the  worlc  precentAble. 
Hiwt  of  the  esaaya  are  of  a  purely  scientific  character ;  and 
bom  tbosB  which  ara  not,  I  have  endc«voiireil,  witlioiit 
tailing  my  convidiono,  la  exclude  every  word  that  could 
aiiK  DccdloBB  irritation. 

From  America  came  the  impuUe  which  induood  me  to 
ptlier  tlic»c  *  PiBgowBta '  together,  and  to  my  friends  In 
tka  United  Stataa  I  dedicate  them. 
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AnaaMTM  Oun:  iUrelt  IBTI. 


CONTENTS. 


MOB 

Iha  OpncM,  CtmoTtvm  or  rat  Atmospkbbs,  ix  m  B>u>- 
lao*  ON  PvTKi»cnoif  ahv  IiinMmoir        .  .  [1  to  [St 

PART  I. 
L    T«B  ConnrTDTiOH  of  NtrnRs.     18flS  .        ,  .  ,3 


IL     RuiuTioir.     18S5 


III.  Oh   Ruiuitt    IIrat    in    REUTtnit   to    tri    Colock   Atn> 
CsBnciL  Cosn'iTU  now  or  BoDim.     I8AS 

IT.  New  Cbxiccu.  Kxactionb  fbodccsd  ht  Liqet 

V,  On  Debt  *«d  Diuusb.     IBTO 

VL  VoTiai  ro  ALauu  to  Obsbbvk  t«ii  Eojraa.     18T0  . 

VIL  Kuaiu.     1872  ..... 

vm.  LtrB  Aim  Ixnam  or  Fiunxr.     1870  , 

IX.  nU  COPLMT  ttmOiLOT  OT   1870  .  . 

X.  Tkb  CoruT  HnuLUT  or  1S7I  .... 


27 

71 
03 

lae 

186 
SIS 
34S 
»9 
274 


X  CONTENTS. 

ruH 

XI.     Euasimsi  MinvariBit        .....    264 

XII.    DiuTH  BT  LniBTinin)       ,  ,  ,  .  ,      ,    S09 

XUL    SciMHca  Am  th*  'Snnn'   >  .  .  .  .    SU 


PART  n. 

bnoiircno>,  mhbuciho  RspLicnoHa  on  BbraauLUj     .  126 

I,    ItiirLBcnoita  oh  Fritir  xho  Nitcoil  Law    .  .  267 

IL    MiKACLHi  *iii>  Sfbcul  Fbotidkhcu.     tSST             ,            ,  37g 

III.  SciGrrtnc  Mathrulum.     ISS8 .            .            .  ,      .  409 

IV.  ScUDtTlFlC   UsB  aw  THB  IlIAaIII4TION.      1870                 ,                .  423 

V.    ViTALlTT,     1864  ,            .            .            .            .  .      ,  469 

VI.    Ok  Pbatib  as  a  Fobk  op  Phtsical  Erbiqi.     1872          .  460 

VII.    Thh  Bbltast  Auliuui.     IB74     .            .            .  .      ,  472 

Afoloot  rOB  raa  Bku^ast  Asdbms             ,            .            .  638 

VIII.    Cbtstau  ahd  Hducuub  Fobcb.     1871           .  .      .  66* 

Ijrtu  ntov  n>  'Tnna'  am  Noraun  >,  1S74  .            .  08* 


OPTICAL  coxniriox  of  the  atmospiters, 

IS  ITS  SE.iRIXOS  O.V    PVTREFACTIOX  AXD    IX- 
FBCTIOS.' 


N  enquiry  into  tb«  decomposition  of  vapours  by  light, 
begiio  in  1868  and  continued  in  1869,  in  wbicb  it 
DecewBi;  to  employ  opticully  pure  nir,  led  mc  to  ox- 
prrimcnt  OQ  tlie  floating  mattoj-  of  tlte  ntiunephcrc.  A 
lirirf  Bcctton  of  a  paper  piibliiilit.-d  in  the  '  Philusophical 
Traiuadioiu '  for  1870  is  d«voted  to  thiH  sulijocU 

I  at  that  time  found  that  l^ondoD  air,  which  is 
always  tliiek  with  tnotee,  aud  aloo  with  matter  too  fina 
to  be  described  as  motea,  after  it  had  been  filtered  by 
(■asiag  it  through  densely  packMl  cotton-wool,  or  calcined 
by  paasing  it  throogti  a  red-hot  plutinum  tube  contniniog 
a  bundle  of  ind-hot  platinum  wirve,  or  by  carefully  leod- 
ig  it  o\<?rr  till;  top  of  a  Hpiril-Ininp  flanu!,  xfaowed,  whm 
amtnol  by  a  coiioeiitTAti-d  luiiiinouH  beam,  do  tiaco 
EaediaDJcally  Buspended  matter.  The  partictiUir  poi^ 
of  ^noe  occupied  by  such  a  beam  ms  not  to  be  di»> 
jabed  from  adjacent  fpsv*-. 
Tbe  purely  gucous  porrioa  of  our  atmosphere  was 
o*  ahown  to  be  incompetent  to  Matter  lighU 

'  I  kari  held  liwk  tlia  pnUioMiOD  of  ihii  vlitiw  of  iho  '  Fngnietita,' 
n  •>  to  wnbRKv  iinuti(  Uiftn  Miqii  vicuunl  oT  tha  isTn^^Mkm.     Tha 
I  eaoi4a.on  of  tW  n*t  af  ilia  roIoM*  !im  mdand  Uu  Mtnnta 
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I   BUlMe(]»eDUy  found   that,  to   render   Uie  hit  tliui 
optically  pure^  it  was  only  ueceaear^  la  leave  it  to  ilae' 
for  a  sufficient  time  in  a  closed  chamber,  or  ia  a  suitablyl 
closed  vessel.     Tlie   fioating  uatt«T   gradually  attachei 
ittwlf  to  thv  surrounding  surfucps,  leaving  behind  it  air 
poaacming  no  Kcattoring  p<iW(-r.     Ront  llirough  tiiich  air, 
the  intxt  concentrated  beam  lailed  to  render  ila  track 
visiblei. 

Tha  parallelism  of  thssc  rcsulto  with  those  obtained 
in  the  exoelteat  researches  of  Schwann,  Schroedcr  and 
DuBcb,  Schri>cder  himself,  and  of  the  tUustrions  Pasteur, 
in  regard  to  the  quetUoa  of  *«pont«n«ORS  generation,* 
caused  mo  to  conclude  that  the  pavrer  of  scattering  light 
and  the  power  of  producing  life  by  the  air  would  be  found 
to  go  hand -in-hand. 

Tlitfl  conclusion  was  strengthened  by  an  experiment 
easily  made  and  of  high  signilicance  in  relation  to  thin 
question.  It  had  been  pointed  oat  by  Profcasor  Listor, 
of  Edinburgh,  tbat  air  which  hiu  pawed  through  tlw 
Inngs  is  known  to  liave  lost  ita  power  of  ciiuiiiiig  putre- 
faction. SikIi  air  may  mix  &edy  with  the  blood  without 
risk  of  miMrhlef ;  and  that  truly  great  soientiGc  surgeon 
bad  the  peoeiration  to  ascribe  this  immunity  from  danger 
to  the  Gltering  power  of  the  lung>.  Prior  to  my  Incom- 
ing acquainted  with  tlit»  hypolhesiti  in  1669, 1  had  rittually 
demonatrated  its  accurney  in  the  foUi>wing  way : 

Condensicg  in  a  dark  room,  and  in  dusty  air,  a  powers 
ful  beam  of  light,  and  bn-athing  through  a  glius  tube 
(the  t*ibc  actually  employed  was  a  lamp  gla**,  rendur^-d 
warm  in  a  flame  to  prevent  precipitation)  across  the  fbcuH, 
a  diminution  of  the  fcuttered  light  was  first  observed. 
But  towards  the  end  of  thv  expiration  the  wliite  track 
of  th«  bcsun  wan  broken  by  a  perfectly  black  gapi,  tli« 
blackness  being  due  to  the  total  absence  from  (he  ex- 
pired air  of  any  matter  competent  to  acatter  li<;lit.     Tha 
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dteper  portiotK  of  1!k  lung*  wrro  thus  proved  U>  be  filled 
vith  optically  pure  air,  wliich,  uc  such,  bad  no  power  to 
gnanie  the  orgamsma  eMeoUal  to  the  pioccK  of  putr»- 

I  tJmiight  this  simpie  metliod  of  examiuation  cniild 
not  fail  to  be  of  use  to  workers  in  this  entangled  field. 
ey  hsd  hitherto  proc£cd(.-d  lew  by  sight  than  by  iu- 
nt,  being  in  gcricnil  imable  to  sco  th«  physical  churae- 
'  of  thr  nir-iliiim  in  which  their  expi'rimMitx  were  <N>n- 
Bui  tita  nwtliod  lia.<i  not  been  miieh  IutthxI  to 
aceciuut ;  and  this  year,  while  prepaiing  these  'Fragment*' 
for  publication,  I  was  so  impressed  by  its  possible  iinpOTt- 
anee,  tbnt  I  resolved  to  devote  some  time  to  the  more 
completQ  deiDonxttatioo  of  its  utility. 

>[y  principal  stimulius  however,  was  the  desire  to  free 
iy  mind,  and,  if  po»hli^  the  minds  of  others,  fram  the 
iLy  and  confusion  which  now  bcMrt  the  doctrine 
*  spontaneous  generation.'  Pavteur  lias  pronounced 
ft  *  chimera,'  and  exprended  the  undoubtinj*  con- 
Lbat,  this  being  to.  it  is  powiblu  fo  rcmovt^ 
itic  diseauea  from  the  outh.  To  the  mcdicnl  pro- 
3,  therefore, and  through  them  to  hunmnity  at  higv, 
this  question  is  one  of  the  ia^t  importance.  But  tlx;  vUvle 
of  medical  opinion  regarding  it  is  not  ratisfactory.  In  a 
neest  numlwr  of  the  '  BritiEh  Medical  Jonmal,'  and 
is  wxswrr  tJi  the  'iitnjtion,  '  In  whut  way  is  contagium 
guwLfatfd   and   cyimmtuiicnl<-d?*  Mnwrs.  Bnitdwood  and 

'  *ICa  patTv^sctiea.'  ni*  Cobn,  'rsa  •xtar  IB  ■  utrogmoa  lutiitannj 
it  \»  trft  turn  frum  lU*  ralrnnn>  of  ant  Haetrria  nlttr  tbrnr  vtiirli  it'* 
o<it»i»  Wn  t*«i  datroytiL     Put/vlKtMa  btgia*  a*  imin  h*  Btitliria. 
At  mwllnl  DUnlifn.  trr  aixi<ir*lMj  or  p«rp(w*i]r  iotroduotd-    It 
la  dortf  fiKiijarll  >D  Va  tiit  mulciplioili'iii  uf  tb*  BorOrit ;  it  in 
•lu«  Uio  Ri^rrii  (far  cximplF,  1;  ■  lov  itnippfatiirB)  ^uielopj 
it  of  liuUt J',  uil  i»  brougblt«  nq  «nil  bj-all  iaRarncM  akKl 
itnf  tb*  dndofaBW  itl  Iha  L<ieitria  i>r  kill  (b*ai     All  twetart 
at*  (hmfor*  ktiriaapiw  kml  (iki>{i«tiD8.'— Britiigr  nr  Bioies^  i 

tm^u*  n*A.  inn.  ^  MS. 
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Vuber  roply  Uiat,  notwitlistamling  'an  sItacKt  Imtilcii* 
lalilv  aniouot  of  patlcDl  labour,  the  «<.-ttuil  ivKulU  obtnincd, 
Mpdctally  aa  ragarda  tlie  mariix^r  of  generaUon  of  cnn- 
to^um,  have  been  moat  cliiapjiuiiitiRi;.  Ohaervers  are 
even  yet  ai  vmiaiioe  wbetlier  these  minute  porticjes,  whose 
discovery  we  have  just  noticed,  nod  other  disease  germs, 
are  ulvays  prcxluccd  from  like  hodiee  previously  exi»lin^, 
or  whctbttr  tht^y  do  not,  Uiidcr  CRrtaio  (arounhln  oondi* 
tioDK,  spiiiig  iulo  exi«tenee  de  novo' 

With  a  view  to  the  poasible  dimiatition  of  the  nooei^ 
taiDty  thus  described.  I  have  recently  submitted  to  the 
Jtoval  Society,  and  more  especially  to  tlio^c  who  xtiidy  the 
/Etiology  of  diieaaa,  a  dewriptiou  of  tbo  mode  of  pro- 
cedure followed  in  (bis  en<|uiry,  and  the  rvsiilu  lo  wbidi 
it  lias  led. 

A  number  of  ohambers,  or  cases,  were  eoiistnict«d, 
each  with  a  glii»  front,  its  top,  bottom,  back,  and  aided 
being  of  wood.  At  the  back  is  a  little  door  which  opens 
and  closes  on  binges,  while  into  the  sides  are  inserted  two 
panes  of  ^loo,  facing  each  other.  The  top  is  perforated 
in  tlie  middle  by  a  hole  2  incl)c«  in  diameter,  closed  air> 
tight  by  a  shci't  of  india-nibbt^r.  Thiit  shoct  is  pierocd  in  - 
the  middle  l>y  a  pin,  and  through  tlie  pin*holc  U  piu»e<) 
the  sliank  of  a  long  pipette  ending  at)Ove  in  a  small 
funnel.  A  circular  tin  collar,  2  inches  in  diametet  and 
1^  inch  devfs  mi  mm  ad*  the  pipi^ttr,  tbc  Hpaco  between 
both  being  packed  with  cotton-wool  moiKtcncd  by  gly- 
cerine. Thus  Uie  pipette,  in  moving  up  and  down,  is  not 
only  firmly  claitpcd  by  the  india>nibbcr,  but  it  also  paaae* 
through  a  stuffing-box  of  slicky  cotton-wool.  The  width 
of  the  uportiint  chwod  by  the  india-rubber  ecciin-s  the 
free  lateral  play  of  tins  l-iwer  end  of  the  pip«'tte.  Into 
two  otlter  sroailer  aperitireB  in  the  top  of  the  cltHinlKU-  aro 
inserted,  air-tight,  the  open  ends  of  two  narrow  Int.**, 
intended  to  connect  the  interior  space  with  the  atino< 
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Tbe  tiibet  ar«  bunt  Miversil  time*  up  and  dowu,  so 
intercept  and  retain  the  particleti  carried  by  such 
kehh  eurreats  aa  change«  of  temperature  might  cause  ta 
wt  in  between  the  outer  and  the  inner  air. 

The  bottom  of  the  boi  i»  pirrc«d,  tomvtimv«  with  two 
rows,  sometimes  with  a  riuglo  row  of  apertures,  in  which 
■re  fixed,  air-tJghtf  tai^  tctt-tul'w«,  intended  to  eoutaio 
the  liquid  to  be  exposed  to  the  action  of  lliu  motclvM  Mir. 
Tbe  CEW-s  have  varied  in  tnpaeity  horn  1,666  to  461 
cuiric  inches. 

On  .Scptemtwr  10  tbe  first  case  of  this  kind  m» 
closed.     The  passsftc   o(  a  oonceotrateii  beam  across  it 

oiiRh  its  t«o  ntdp  urindows  then  £howc<l  tho  air  witfain 
to  l<c  ladcQ  with  fltMUiug  matter.  On  the  13th  it  WU 
i^Cain  examined.  Before  the  Iwsm  entered,  and  after  i( 
qoitted  the  mc,  iU  track  wa»  vivid  in  the  air,  but  within 
tbe  cue  it  ranishcd.  Three  days  of  quiet  sufficed  to 
cause  all  tbe  floating  matter  to  be  deposited  on  the  top, 
ddc«,  and  bnttom,  where  it  wan  retained  by  a  coating  of 
llllyeariDe,  with  which  the  interior  surface  of  tbe  eaiie  had 
been  purposely  varnished.  Tbe  test-tulies  vet«  Dieii 
filled  through  the  pipette,  boiled  for  five  mimiU'R  in  a 
rath  of  brine  or  oil,  and  abandon^Kl  to  the  action  of  tlte 
motelns  air.  During  dilution  aciueous  vapour  rose  trom 
thn  liquid  into  the  chamber,  where  it  was  for  tho  most 
part  cundonsed,  tlic  uncondenscd  portion  escaping,  at  a 
luw  temperature,  through  the  bent  tubes  at  the  top. 
Before  tbe  brine  wait  removed  Utile  sitoppcrN  of  ootton- 
mooi  were  inserted  in  the  bent  tube^,  lejt  the  entrance  of 
tbe  air  into  the  cooling  chamber  sliould  at  fint  be  for- 
ctble  enough  to  carry  motes  along-  with  it.  As  soon, 
b«re%'er,  as  the  ambient  tcmpcruture  was  nMumcd  by 
tfce  air  vilhin  tlie  case  tbe  cotton-wool  stnppent  were 
teoKiTrd. 
^   We  ha^-e   here   Ute   oxygen,  nitrogen,  carbonic  acid. 
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Rmraonia,  aqueous  vapour,  and  all  the  other  gaseoui 
matters  which  mingle  more  or  lees  with  the  air  of  a  great 
city.  We  have  them,  moreover,  '  untortured '  by  calci- 
nation and  unchanged  even  by  61tration  or  manipulation 
of  any  kind.  The  question  now  before  us  is,  Can  air  thus 
retaining  all  its  gaseous  mixtures,  but  self-cleansed  from 
mcclianically  suspended  matter,  produce  putrefaction  in 
organic  infusions  freely  exposed  to  its  action  ?  To  this 
question  both  the  animal  and  vegetable  worlds  return  a 
decided  negative. 

Among  vegetables  esperiments  have  been  made  with 
hay,  turnips,  tea,  codee,  hops,  repeated  in  various  ways 
with  both  acid  and  alkaline  infusions.  Among  animal 
substances  are  to  be  mentioned  many  experiments  with 
urine;  while  beef,  mutton,  hare,  rabbit,  kidney,  liver, 
fowl,  pheasant,  grouse,  haddock,  sole,  salmon,  cod,  turbot, 
mullet,  herring,  whiting,  eel,  oyster  have  been  all  subjected 
to  experiment. 

The  result  is  that  infusions  of  these  substances  exposed 
to  the  common  air  of  the  Royal  Institution  laboratory, 
maintained  at  a  temperature  of  from  60°  to  70°  Fahr.,  all 
fell  into  putrefaction  in  the  course  of  from  two  to  four 
(lays.  No  matter  where  the  infimions  were  placed,  they 
were  infallibly  smitten  in  the  end.  The  number  of  the 
lubes  containing  infusions  vaa  multiplied  till  it  reached 
six  hundred,  but  not  one  ot  them  escaped  infection. 

In  no  single  instance,  on  the  other  hand,  did  the  air, 
wliicli  liiid  been  proved  motoless  by  the  searching  beam, 
even  when  raised  to  over  90°,  manifest  the  least  power  of 
producing  IJact^riiil  life  or  the  associated  phenomena  of 
putrefaction.  The  power  of  developing  such  life  in  atmo- 
spheric air,  and  tlie  jiower  of  scattering  light,  are  thu^ 
proved  to  he  indinsulubly  united. 

The  sole  uonilitiun  necessary  to  cause  these  long- 
ilormant  infusions  to  (warm  with  active  life  is  the  access  of 
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Die  floating  matter  of  the  air.  A(t«r  Iiaving  rcmaiDed 
fat  fuDt  mooths  aa  pellucid  ta  dintitk-d  water,  the  opening 
nf  Ibe  back-door  of  Uic  prutvcting  case  and  the  coiuequent 
admisnoo  of  tbc  nwt^-ladcD  air,  ttuffioed  in  tliree  days  to 
Kndcr  tfac  iufiuiuiiR  putrid  and  full  of  life 

Tliat  »ueh  lifa  ariseB  6x»in   mcdiaaitally   simiK'iidi'd 
pallida  !■  thus  retluced  to  ocular  dcmunstralion. 

Let  Qi  enquire  a  littlo  more  closely  into  the  character 

-of  the  particle*  which  prodiute  the  life.    Pour  Eau  de 

[Cologne  into  tniter ;  a  wliiti^  precipitat«  renders  the  liquid 

fmil^.     Or,  imitatiD);  Briicko,  dissolve  clenu  gum  nmctio 

in  olcobol,  and  drop  it  into  water;  the  mutic  ia  pre* 

dpitoted,   and  mJIkineM  produced.     If  tbc  solution  h« 

very   tkroag    the    mastic    gcparatcs    in  curd*;    but    by 

gndually  diluting  tbe  alcoholic  koIuUod  we  finally  reach 

I  a  pf'iat  where  tie  milkirc«  dirtppt-ar*,  the  liquid  aseiiia- 
ing,  by  reflected  %hl,  a  bright  ccrtikao  hue.  It  ia,  in 
poiiA  <A  fact,  the  colour  of  tli«  sky,  and  is  due  to  a 
nmilar  cause,  iiami-ly,  tlie  scattering  of  light  by  particl<M, 
mall  in  comparison  to  the  size  of  the  waves  of  light. 
When  this  liquid  is  examined  by  the  highcRt  roicro- 
fcopic  povrr  it  teems  as  uniform  as  distilled  water.  Tbc 
mattic  particles,  though  innumerallc,  entirely  elude  the 
mierwct^w.  At  right  angles  to  a  lumluous  bcnm  potsing 
among  the  particle^)  tlioy  dixdiarge  perfectly  polaritted 
light.  The  optical  deportment  of  the  floating  matter  of 
the  air  proves  it  to  be  composed  in  p&rt  of  particles  of 
this  cxceinrely  minute  character.  When  the  truck  of  n 
parallel  beam  in  du^ty  air  is  looked  at  horizonlnlly 
ihroDgh  n  Niool's  prism,  in  a  direction  pcrpcadicular  to 
ibc  bram,  the  longiT  diagonal  of  the  prism  U-iRg  vt-rtical, 
a  considerable  pnrtinn  of  the  light  from  the  ftnor  matter 
is  catingnjshed.  The  ooaner  motes,  on  the  other  hand. 
Bash  out  with  grcatt^r  force,  because  of  the  iiicn>aged 
dxrknec  of  the  space  around  them.     It  is,  I  hold,  among 
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the  finest  ukra-mierosoopio  partiolM    tbat  the  tsattm 
potential  as  re^^nrds  the  development  of  Bacterial  life  i«' 
to  be  sought. 

Now  tliv  cxistcncw  of  tlioMi  pAiiicle*,  foreign  to  tbo 
atmo^here  but  Bonting  tn  it,  i*  as  oertato  as  if  t)iey  co»Id 
he  felt  botwcen  thft  lingers  or  seen  b^  the  nakc-d  eye. 
!:JupposiDg  thom  to  au^^t  in  magnitude  until  they 
cotne,  not  only  irithin  range  of  the  microscope,  but  within 
range  of  the  iinnidod  ecnscs.  1^  it  be  aammett  that  oiir 
knowledge  of  them  under  t)>c«e  cireuniKtanoM  remains  a» 
defective  as  it  is  now — that  we  dn  not  know  whether  tbe^ 
are  germtt,  particles  of  dead  organic  duxt,  or  particles  of 
mincia]  mutter.  Suppo«e  a  vessel  {say  a  Hower-pftt)  to 
be  at  hand  tilled  with  nutritious  earth,  with  which  we 
mix  our  unknown  particles ;  unit  tiiat  in  foity-cigfat  lioara 
Bubsequenlly  buds  itad  blad««  of  well-defined  cresses  and 
granes  q>pe*r  abore  the  soil.  Snpposi;  the  experiment 
when  repeated  over  and  over  again  to  yield  the  name  an- 
varying  result.  What  would  be  our  conclusion  ?  Should 
we  regard  tJtose  living  plants  as  the  products  of  dead  dust 
or  mineral  particle*,  or  should  we  legaid  them  ns  the  ofT- 
Bpring  of  living  seeds  ?  The  reply  Is  uaavoidahlA.  We 
should  undoubtedly  consider  the  t^xperiment  with  the 
flower>|xit  as  clearing  up  our  pre-existing  ignorance ;  we 
should  regard  the  lact  of  their  producing  cresses  and 
grasses  as  proof  positive  that  the  particles  sown  in  the 
earth  of  tlie  pot  were  the  seedft  of  the  plants  which  have 
grown  from  them,  ft  would  be  simply  monstroiu  to 
Dooolude  that  tJtey  had  been  *  epantaueoualj  generated.' 

lliis  reasoning  applies  word  for  word  to  the  derolop- 

ment  of  BiUtei-ift  fmm  Dukt  Boating  mittttT  which  the 

electric  beam   reveuU  iu  the  air,  and  in  the  alnencc  of 

which  no  Bacterial  life  has  been  generated.     There  sct^ma 

K    no  flaw  in  this  reasoning ;  bikI  it  is  so  simple  as  to  rauder 

^B   ft  unlikely  that  the  notion  of  Bacterial  life  developed 
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bom  deul  diut  caii  tw^  gsin  currency  nniong  tlio  mombers 
*f  a  great  seientifio  profes*tun. 

A  Dovel  mode  of  expcninent  has  been  liere  piintutM], 
uwl  it  mar  be  urged  that  the  conditions  kid  down  lijr 
other  investigators  in  this  field,  which  lutve  led  to  different 
mult«,  havo  not  been  strictly  ndlicrwl  to.  To  ncnre 
accuracy  in  relation  (o  this  point,  I  will  qiiotv  the  lat4--»t 
word*  of  a  writ4>r  on  thi<  quaition,  who  hoit  materially 
iaSaaieod  lacdical  thought  both  in  thin  country  iind  in 
America.  '  We  know,'  he  Kay>,  *  that  boiled  turnip-  or  hay- 
falftiaimirt  exposed  to  ordinary  air,  exposed  to  &llered  air, 
to  calcined  air,  or  shut  off  altc^ther  from  contact  with 
air,  are  more  or  Was  prone  to  swarm  with  Bacteria  and 
tibrioncs  in  the  coun>o  of  from  two  to  six  diiys.'  Vho  thr 
we'  are  wbo  poMen  tbii  knowledge  ia  uoi  stated.  1 
eertaialy  am  not  among  tb/i  number,  though  I  Iiave  sought 
aoxloaaly  fot  knowledge  of  th«  kind.  Thn  statement* 
were  thua  teated  in  succession. 

AikI  first,  with  regard  to  filtered  air.  A  group  of 
twelve  targe  test-tubes  was  caused  to  ytaa  aii^tjght 
tkrongb  a  slab  of  wood.  The  wood  was  coatod  with 
eenmt,  in  whii-h,  while  hot,  n  liratcd  '  propagating  glan ' 
membling  u  large  bell-jar  wus  imbedded.  The  air 
within  tbo  jar  wn^  pumjird  out  several  time«,  air  filtered 
thKMigh  a  plug  of  cotton-wiKil  hidag  permitted  to  supply 
ila  place.  The  test-tubes  contained  infusions  of  hay, 
totnip,  iieef,  and  mutton — tJiree  of  each — twelve  in  all. 
AHer  moatba  of  exposure  the;  are  as  clear  and  cloudless 
to-day  aa  they  were  upou  the  day  of  tin-iz  introduction ; 
while  twdve  similar  tulws,  prepared  at  the  vatne  time,  in 
psacisdLy  the  sume  way,  and  eiposed  to  the  ordinary  air, 
are  clogged  with  mycelium,  mould,  and  BacUria, 

With  rvgard  to  the  calcined  air,  a  similar  propagating 
^aw  was  caused  to  cover  twelve  other  tubes  filled  with 
the  Boie  Infusions.    Tha  '  glass '  va^  exhausted  and  care- 
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fully  filled  witli  nir,  wliich  bad  Ik'gd  »l«wly  |)aiiM-'d  tlirougb 
a  red-hot  platinum  tube,  coutaiuiiig  a  roll  of  r«d-liot  plati- 
Dum  gttuzu.  T«stod  hy  tlie  R-arcliiiig  beam,  the  calcined 
air  wax  found  quite  fren  from  floating  matt«r.  Not  a  speck 
has  in\-aded  tbe  limpidity  of  tbe  infusions  exposed  to  it, 
while  twelve  Rimilar  tubes  placed  outside  have  Eallen  into 
roUenneES. 

Tbe  experiments  nitb  calcined  air  took  anotbpr  fonti. 
Sis  years  ngo  I  found  tbat,  to  render  tbe  tabomtory  air 
froo  from  floatjog  matter,  it  wa»  only  noccMary  to  permit 
a  platinum  wire  heatcsd  to  wliitcne«  to  act  upon  it  for  a 
«uf!i(:ient  time,  t^hadcs,  containing  pear  juioe,  damaoa 
jtiice,  infusions  of  bay  and  turnip,  and  water  of  yeaat,  were 
fre«d  from  tbeir  Hoatlng  matter  in  this  way.  Tbe  infii- 
sions  were  subsequent  ly  boiled  and  permitted  to  remain 
in  contact  with  the  caletoed  air.  Tbcy  are  quite  dear  to 
ttie  prciwnt  hour,  while  the  same  infusions  cspoRcd  to 
common  air  became  mouldy  and  rotten  long  ago. 

It  ha!)  beoD  afTirmixl  by  other  writer*  on  thiK  qiuHition 
that  turnip-  and  hay-infuMons  rendered  uligbtly  alkaline 
are  particularly  prone  to  exMbit  the  phenoin<-na  of  spon- 
taneous generation.  This  was  not  found  to  be  tbe  ease 
in  the  present  investigation.  Many  such  infusions  have 
l»een  prepared,  and  they  have  continued  for  months  with- 
out sensible  alloration. 

Finally,  with  regard  to  infttcions  wholly  withdrawn 
from  air,  a  group  of  teat-tube*,  containing  dilTorcnt  infu- 
Btons,  was  boiled  under  a  liell-jar  Unit  filltid  witli  filtered 
air,  and  from  which  the  air  was  aiibtti^aently  riimoved  as 
far  as  possille  by  a  good  air-pump.  They  are  now  as 
pellucid  as  they  were  at  the  tinw  of  tbeir  preparation 
more  than  thren  months  Ago,  while  a  group  of  correspond- 
ing tul)eBr  ezpoitcd  to  the  laboratory  air  have  nil  fallen 
into  rotten  oees. 

.lltere  is  still  another  fmrtn  of  experiincnl  on   which 
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peat  WfUgfat  bu  been  laid — that  of  henneticslly  itnLlvd 
tabes.  Ou  April  6  la«t,  a  discussion  on  the '  Germ  Th«oiy 
of  DianuQ  *  mw  opened  before  t  be  I'athological  iiociety  of 
Uaadoa.  Tlir  meeting  w»  aitcudcd  by  many  distin- 
goished  medical  men,  nine  of  wliotu  were  profuuiidiy 
fafinenced  by  the  argument^  and  none  of  vhom  disputed 
tbe  fitcts  bTou^ht  forward  against  the  th«oTT  on  that  occa- 
sion. Th«  following  impoitant  summary  of  thctw  vna 
then  given  by  Dr.  Biutiau :  'V*tth  tbo  vicir  of  tcttUiig 
these  questions,  ibcrvforo.  wc  may  carufully  prepare  an 
infhsioi)  bum  some  iiuimal  lis«ti«,  be  it  mitMle,  kidney,  or 
liver;  ve  may  place  it  in  a  flask  irfaose  neck  ia  draTm  out 
Kud  narrowed  in  the  blowpipe-flam^,  we  may  boil  the 
fluid,  sva]  the  T«eel  during  ebullition,  and,  keeping  it  in 
a  wsna  place,  may  await  the  rv«ult,  as  I  have  often  done. 
After  a  variable  time,  the  prcviimsly  lieated  fluid  within 
the  hdiaptically  sealed  flwk  (warm*  more  or  Ikk*  plviiti. 
fully  vitb  Bfi^oria  aad  allied  organisms.' 

PfBTlous  tn  reading  this  statement,  I  bad  ojieratetl 
npoB  tiit«eD  tubes  of  bay-  and  tumip-inf(i»iona,  and  upon 
Iwenty-ooe  tubes  of  beef,  mackoiel,  eel,  oyster,  oatmeal, 
malt,  and  potJtto,  hermetically  sealed  wbilo  boiling,  not  by 
tba  blowpipe,  but  by  tbc  liir  mora  handy  spirit-lamp  flame. 
la  DO  case  was  any  appiunuicc  wliatever  of  Bacteria  or 
allied  organiiros  olwerved.  Tlie  prniMil  of  the  di^eu^ision 
jost  referred  to  caused  me  to  Mirn  again  to  itiuM-le,  liver, 
sod  kidn^.  with  a  view  of  varying  and  multiplying  Uw 
rvidcnce.  Fowl,  phearant,  snipe,  partridgo,  plover,  wild* 
dnek,  beet^  mutton,  lu.-art,  tongue,  lungs,  braios,  sweet- 
bread, tripe,  the  ery«talUne  lens,  vitrcoiu  humour,  herring, 
kaddock,  mullet,  cod6eh,  sole,  were  all  embraced  in  the 
experunents.  lliere  was  neither  mistake  nor  ambiguity 
afaant  the  rninlU  On  January  1 3  one  hundred  and  tliirty- 
jiine  of  the  fiasko  o]>eraled  on  were  submitted  to  the  Fellows 
of  tbe  Royal  Society, and  not  on«  of  this  cluud  of  witnesses 
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oSTcrtid  the  least  countcDtuicu  to  tJie  aiunrtioD  tliat  liquids 
witliin  flaski,  boilvd  and  berimtically  seated,  swann,  aub- 
•e<)uently,  more  or  \eta  plentifutl;  with  Baderia  and 
allied  organisms. 

The  eridence  furnished  by  this  mass  of  «xp(>riio«nte, 
(but  Dr.  BastJan  must  karo  pormittcd  errors  citbcr  of 
prcpariition  or  otMen-ation  to  invadn  bin  work,  iit,  [  stil^ 
mit,  very  stronji;.  Itut  to  err  is  faiimnn ;  and  in  au  en- 
quiry so  difficult  and  fraught  with  such  momentous  issiies^ 
it  is  not  error,  but  the  persistence  in  error  by  any  of  na 
for  dialectic  ends,  that  is  to  be  deprecated.  I^ct  me  b«r« 
show  by  ono  or  two  illuxtnitions  the  ri»ki>  of  error  io 
which  I  have  bc«o  exposi^.  On  Octoher  21  1  ojMned 
the  back-door  of  a  casa  containing  six  ti-st-tubes  filled 
with  an  infusion  of  turnip  which  had  remained  perfectly 
clear  for  three  weeks,  while  three  days  sul&ced  to  crowd 
six  similar  tubes  exposed  to  mote-laden  air  with  Baeteiia. 
With  m  small  pipette  I  t^iok  specimens  from  the  pellucid 
tubes,  and  pbood  them  tinder  tlio  microscope.  The  first 
tube  examined  showed  no  mgn»  of  lifo.  This  was  the  re- 
sult expected,  but  I  was  by  uo  means  prepared  for  the  d«!- 
purtment  of  tlie  necond  luhe.  Here  tlie  exhibition  of  life 
waa  moDstrously  copious.  There  were  numerous  globular 
oi;ganism8,  wliich  revolved,  rotated,  and  quirered  in  the 
most  extfaorilinary  mauiier.  There  were  aleo  niimhrrs  of 
lively  BacUria  darting  to  and  fro.  An  exp'rimrnter  wlio 
ponders  his  work  and  reaches  his  conclusions  slowly,  can* 
not  immediately  relinquish  them  ;  and  in  Ute  present  In- 
c<an«e  some  time  was  required  to  convince  me  that  I  had 
made  ao  mistake.  I  oould  find  none,  and  wva  prepared  to 
accept  the  conchuion  that  in  the  boiled  infusion,  despite 
jtn  clearness,  life  had  appeared. 

But  in  a  protected  timtip-in fusion,  wliicJi  had  been 
examined  on  October  1^  no  ttaoe  of  life  ccuhl  be  fotmd. 
In  this  case  perfect  traospareiM^  was  accompanied  by  an 
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utter  Bbtence  of  Ufi^  I&deed  Uic  xcllniue  uction  tipou 
light  that  eiiat>led  the  SacUna  to  #)iuw  tti«tn»clvr<  in 
tiw  niicroecope  mudt,  one  would  think,  infallibl;  pro- 
duce tiirbiditT.  Why,  moreover,  should  life  be  abeeot 
fnnit  the  &nt  member  of  the  pment  group  of  tubes?  1 
wrcbcd  tbi«  agniu,  nntl  fotmd  in  it  ttcantjr  btit  certain 
dgiH  ef  life.  Thi«  augmented  tay  perplexity.  A  third 
tube  ako  ibowed  scanty  traces  of  life.  RBverting  to  the 
wcond  tube,  where  life  bad  been  so  copious,  I  found 
that  io  it  tbe  orf^nniaiifl  had  become  as  scanty  as  in  tbe 
vtben.  I  confined  myself  for  a  time  to  tbe  three  tuboeof 
the  fintt  row  of  the  »ii,  i^ing  over  them  ngain  a&d  again; 
flaEoetitnes  finding  an  org;au)Km  here  and  there,  but  nmc- 
times  finding  nothing.  The  first  extraordinary  eihibition 
of  life  it  was  found  itnposaible  to  restore.  Id  my  diffi* 
Gulty  1  took  specitnens  from  tbe  three  tubee  and  unt 
them  to  Professor  Huxley,  with  a  request  that  be  would 
be  good  enough  to  examine  them. 

On  the  22nd  my  x'Areh  wa«  extended  to  tlie  whole  of 
tbe  tabes.  Early  in  the  day  lirely  Baderia  were  found  iu 
one  of  them ;  Uter  on.  not  one  of  the  dx  yielded  to  my 
closest  tcmtiny  any  trace  of  life.  On  the  evening  of  the 
2'iai  I  received  a  note  from  Mr.  Huxley  stating  that  a 
careful  exsminution  of  the  xpecimens  sent  to  him  revealed 
no  liviDK  thing. 

Pipettes  had  been  employed  to  remove  tbe  solution 
from  the  t««i-tube«.  Tbcy  were  nhorl.  pieces  of  narrow 
f{hiM  tubing,  drawn  out  to  a  jmint,  with  a  few  inches  of 
indiiMiiblier  tubing  attaefaed  to  them.  This  was  found 
flOOrenient  for  bending  eo  as  to  reach  the  bottom  of  tho 
tcet-tnbee.  Suspicion  fell  upon  tbin  india-rubber.  I 
washed  it,  and  examined  (ho  wiwhing-water,  but  found  no 
life.  Iti»lil1ed  water  had  been  iu>rd  to  ctcan»e  the 
|||  pipettes,  and  un  the  morning  of  the  23rd  I  ent(^rel)  the 
^1  hibonilory,  intending  to  examine  it.     Before  dipping  tbe 
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pipette  inttf  iImj  wutcr  I  loDkcd  ut  iU  point.  The  linievt 
drop  had  rciuained  in  it  by  capillar]'  itttnictiun  fn>rn  the 
preoeding  day.  This  I  blew  »u  U>  a  tdtde,  coyercd  iL,  and 
pbced  it  under  the  microcoope.  Ad  astonisluog  exbibi- 
tion  of  lifo  WHS  m;  reword.  Thus  on  the  scent,  1  lotted 
through  my  pipcttos,  and  foiind  two  more  with  thf> 
smallcft  ro«idual  dmpe  ut  the  ends ;  both  of  thotn 
yielded  a  livid  ratopnnt  with  life.  The  BtKttria  diirt4-d 
in  Ktraiglit  line*  to  and  fro,  bending  right  and  left  along 
the  line  of  tnolJon,  wriggling,  rotating  longitudinally,  and 
spinning  mniid  a  vertical  tramvorM  axi*.  MonudK  alw) 
galoped  and  quivered  tbrotigh  the  field.  Vn^fa  one  ol 
tbeee  tiny  epecks  of  liquid  1  obtained  an  exhibition  of  life 
not  to  bo  dietiagiiiehcd  from  that  wliic^h  had  astoninbed 
mc  on  tliB  ^  1  ttt. 

Obviously  the  phenomenon  thcD  obaervcd  w«s  doe  bo 
lli«  employmeDt  of  an  imetean  pipette.  Equally  obriom 
is  it  that  in  enquiries  of  thia  nature  the  experimcDter  ia 
beset  with  danger,  the  f^ocs<«t  errora  being  poauble  wlicn 
there  is  the  least  lack  of  care. 

Again,  tbree  tiibe«,  containing  infusions  of  turnip,  hay, 
and  mutton,  were  lioihrd  on  TCovemlter  3,  under  a  bell-jar 
containing  air  so  carefully  filtered  that  the  most  searching 
examination  by  a  concentrated  beam  failed  to  reveal  a 
particle  of  floating  matter.  At  the  present  time  every 
one  of  the  tubes  is  thick  with  myoelium  and  covered  willi 
mould.  Here  surely  we  have  a  cane  of  spontaneous  g6n&. 
ration.     Let  us  look  to  it*  hislory. 

After  the  air  has  been  expelled  frtini  n  boiling  liquid 
it  is  difficult  to  continne  the  ebullitioD  wititout  *  buniK 
ing.'  The  liquid  remains  still  for  interTala  and  then  rises 
with  (iidden  energy.  It  did  ta  in  the  case  now  under 
consideialion,  and  one  of  the  tubes  boiled  over,  tlic  liquid 
oveiBpreoding  the  rcfinoiu  surface  in  which  iJn-  U-Il-jar 
was  Imbedded.     For  three  weeka  the  infusions  had  r«- 
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Baioed  perfectly  clear.     Al  tho  end  of  thU  tini«(  witii  a 
new  of  renewiDg  tbe  air  of  the  jar,  it  wm  exhausted,  snd 
re&lletl  by  freeh  air  which  had  passed  through  a  plug  of 
coUon-wool.     Al  the  uir  entered,  two  small  spots  of  peni- 
cilliam,  resting  oa  the  liquid  which  had  boiled  over,  at- 
tracted attention.   I  at  oace  remarked  that  Uic  experiment 
wa*  a  dangerous  one,  as  tbe  entering  air  would  probaUy 
detach  some  of  tbe  eporee  of  tltc  peniciltium  and  diffuse 
them  io  the    beU>jar.     This  was,  therefore,  filled  very 
do«ly,BO  as  to  render  the  disturbance  amiDimmn.     Next 
day,  however,  a  tuft  of  mycelium  was  observed  at  the 
bottom  of  oue  of  tbe  three  tubes,  namely  that  oootaJuing 
the  hay-infusion.     It  baa  by  this  time  grown  so  as  to  611 
a  Urge  portion  of  the  tube.     For  nearly  a  month  longer 
the  two  tubes  containing  tbe  tomip*  and  mutton-infudons 
maintained  their  trannparency  uuimpaired.     I^te  in  Do- 
cember   tbe   mutton-infusion,  which  was    in    dangerous 
proximity  to  the  outer  mould,  showed  a  tuft  upon  its 
tuT&ce.     The  turaip-infujion  continued  bright  and  clear 
for  nearly  a  fortnight  longer.     The  recent  culd  weather 
canwd  me  to  add  a  third  gas-stove  to  tbe  two  which  had 
previously  wanned  Uie  room  in  which  the  experiments  are 
^conducted.    The  warmth  played  upon  one  side  of  the 
^Heltjar,  causing  currents  within  it;  and  the  dayafter  tho 
^Sighting  of  the  stove,  the  tumip-iDfunion  gave  hirtb  to  » 
^■ttili  of  myoctium.     Id  this  esse  the  smaU  spots  of  poni- 
dJlium  might  have  readily  escaped  attention ;  and  bad 
tbtj  done  so,  wc  thoidd  have  had  three  cosee  of  *  spon- 
lueoai  geoention '  &r  more  striking  than  many  that 
Lave  been  adduced. 

In  further  illiistration  of  the  danger  incurred  in  this 

field  of  enquiry,  I  may  refer  to  tbe  excellent  paper  of  Dr. 

Rsberte  od  Biogeoesist  in  tbe  '  Philosophical  l''nuusctions 

far  1874.'      Dr.  RoberU  fills  tho  bulb  of  an  ordinary, 

up  to  about  twfr*t>iiids  of  it«  capaeity  with  tb 
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iufusioa  to  be  «xamioed.  In  the  neck  of  tfae  pipette  he 
places  a  plug  of  dry  cot4on-«ooL  Ue  then  bemifltically 
ecals  the  oeck,  and  dipB  tiie  Inilb  into  boiling  water,  or 
bot  oil,  vbero  be  pcnoits  it  to  remain  for  the  rcquirit; 
time.  Here  wc  havo  &o  digturbance  from  ebultiti<Hi,  and 
no  low  by  evaporation.  The  bulb  is  lemoTed  from  the 
hot  water  and  permitted  to  cool.  The  ecalcd  end  of  the 
neck  ia  then  filed  off,  the  cotton-wool  alone  interposing 
bttwoon  the  infusion  ttnd  the  ntmoFphcrc- 

The  arrangement  is  beautiful,  but  it  bat  one  weak 
poinU  Cotton-wool  free  froni  gennt  is  not  to  be  found, 
and  the  plug  employed  by  Dr.  Kolwrt^  infallibtjr  cont.'uned 
tlHMD.  In  Ibe  gentle  movement  of  the  air  to  and  fro,  38 
tlie  temperatiu^  changed,  or  by  any  ehock,  jar,  or  motion 
to  which  the  pipette  might  be  subjected,  wo  have  cer- 
tainly a  cau«e  Hufficicnt  to  dctacb  a  germ  now  and  then 
from  the  eotton>woot  which,  Eiillii^  Into  the  infusion, 
would  produce  its  cffoct.  Probably  alio  coodensalion  oc~ 
ourred  at  times  in  tli«  neck  of  the  pipette,  the  water  of 
condensation  carrying  back  from  tiie  cotton-wool  the  seeds 
of  life.  The  fact  of  fertilisation  being  so  rare,  as  Dr. 
Koberta  found  it  to  be,  is  a  proof  of  the  care  with  which 
his  eipcrimeuts  were  conducted.  But  he  did  find  cases  of 
fertilisation  after  prolonged  exposure  to  the  boiling  tem- 
perature ;  and  this  caused  him  to  come  to  the  conclusiou 
that  under  certain  rare  conditions  spontaneous  generation 
may  occur.  Ho  also  found  tltat  an  alkaliscd  hay^infusion 
was  so  diGBeult  to  sterilise  that  it  was  capable  of  with- 
standing the  boiling  temperature  for  hours  without  losing 
its  power  of  generating  lifc^  C^eful  experimenta  have 
been  made  with  this  infusion.  Dr.  Koberts  is  certainly 
correct  in  lusigning  to  it  superior  nutritive  power.  But 
in  the  present  enquiry  five  minutvs'  boiling  sufEoed  toM 
compKit4.-ly  sterilise  the  liquid. 

I  sluill  hardly  be  chained  with  any  desire  to  limit  tbv 
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pHvr  and  poteocy  of  m&Uer  in  regard  to  life.  On  thia 
)KMnt  I  have  slread;  expressed  myself  in  a  aunner  not  to 
ha  mistaken.  But,  liolding  tho  notions  I  do,  it  it  all 
the  nuwe  incumbent  on  me  to  affirm  that,  a*  far  as  on> 
qniiy  bat  hiLhriio  penetrated*  Hfe  luu  never  been  proved 
to  appear  indopcndi^nUy  of  antecedent  life. 

With  ngard  to  the  general  diS'usion  of  ^erma  in  tb« 
atmosphere,  the  notions  entertaini'd  b;  distinguished , 
writen  rendered  it  desiisble  to  place  the  point  beyond 
qoMtioQ.  At  Down,  Mr.  Darwin  and  Mr.  Fiancis  Darwin; 
at  High  Elms,  Sir  John  Lubbock ;  at  S)i<TVOod,  near  Tun- 
Wdge  Welk,  Mr.  Siemcn* ;  at  Pembroke  Lodge,  Rich- 
mood  Park,  Mr.  Rollo  Rowi^ll ;  at  Heaih&eld  Park,  Mi«t 
Hamilton  ;  at  Greenwich  Hoi^ital,  Mr.  Hirst ;  at  Kcw,  Dr. 
Hooker;  and  at  the  Cryiital  Palace, Mr.  Price  kindly  took 
ebarge  of  infusions,  eveiy  one  of  which  wn»  invaded,  many 
by  astounding  swarms  of  organiems. 

To  obtain  more  definite  insight  regarding  the  diffurion 
of  atmo«pberi(!  g#rms  a  Fqnare  wooden  tray  was  pierc«d  with 
100  holes,  into  each  of  which  wasdroppvd  a  short  teit-tube. 
On  October  23  thirty  of  thcM  tubes  wero  filled  with  an 
inforion  of  hay,  thirty-five  wit  li  an  infunion  of  turnip,  and 
thirty-five  with  an  infusion  of  Iwef.  The  tubes,  with  their 
htfoilooi^  had  bcvn  previously  boiled,  ten  at  a  time,  in  an 
otl-lolfa.  One  hundred  circlet  were  marked  on  paper,  so  as 
(o  form  a  map  of  the  tray,  and  every  day  the  state  of  each 
tube  wai  rvgistvred  upon  the  corresponding  cirdo.  In  tho 
following  dtncription  the  term  '  cloudy '  ii  used  to  denote 
tke  first  stage  of  turbidity,  distinct  but  not  liiong;  tbe 
term  *mDddy*  is  used  to  denote  thick  turbidity. 

OiM  tnbe  of  tbe  hundred  was  first  singled  out  and  rcn- 
^nd  moddy.  It  belongi-d  to  the  brof-^roup,  and  it  was  a 
vfcde  day  in  advance  of  all  tho  other  tu1>e*.  Tbe  progreaa 
of  putn-faption  was  first  registered  on  October  26.  Tlie 
*mKp '  then  taken  may  lie  Ihua  detoribad : 
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Jfay.^Ot  llie  tliirty  upedmens  exposed  one 
become  '  iQiKli]y ' — Uie  seventh  in  the  mitidle  row  reckon- 
iog  &om  the  ade  of  iho  tmj  ncanmt  a  slovo.  Six  tabes 
remainied  perfoctly  clear  butwocn  Uiis  muddy  nn«  and  Uw 
■tore,  proving  th^t  dilFcreDoes  of  v&rmtJi  i^ay  be  over- 
ridden by  other  oauiies.  Every  one  of  Uie  oUier  tubes 
oODtaiaiog  tbo  bay-infution  >bowvd  ipoto  of  moidd  upon 
tbe  clear  liquid. 

Titmip. — Four  of  the  thirty-five  tubes  were  very 
muddy,  two  of  tbem  being  in  tbe  row  next  tbe  stove,  one 
four  rows  distant,  and  the  remaining  one  seTon  rows 
away.  Besides  these,  six  tubes  bad  become  clouded 
There  was  no  mould  on  any  of  the  tubes. 

Betf. — Ono  tube  of  tlic  thirty-five  wu«  quite  muddy) 
tu  the  seventb  row  from   tbo  stove.    There  were  tb: 
cloudy  tubes,  while  Kerni  of  them  bore  spots  of  mould. 

As  a  general  rule,  orgauio  Jufusions  exposed  to  the  air 
during  the  autumn  remained  for  two  days  or  mare 
pcrfi-ctly  clear.  Doubtless  from  the  first  germs  fell  into 
them,  but  thoy  rctiuiied  time  to  be  batched.  This  period 
of  clearness  may  be  called  the  '  period  of  latency,'  and 
indivtl  it  exactly  corroipciiids  witb  what  is  uoderttood  by 
this  term  iu  medicine.  Towards  the  end  of  tbe  period  ol 
latency  the  fidl  into  a  state  of  disease  is  eompamtivel 
sudden ;  the  infusion  paaaing  from  perfect  clearnen  to 
cloudiness  more  or  leas  dense  in  a  few  hours. 

Thus  the  tube  placed  in  Mr.  Darwin's  possesaiou  was 
clear  at  8.30  a.u.  on  October  19,  and  cloudy  at  4.30  P.». 
Seven  boura,  moreover,  after  tlie  first  record  of  our  tray 
t>f  tttbea,  a  marked  change  bad  occurred.  Instead  of  ono, 
eight  of  tbo  tabes  containing  hay-infusion  bad  fallen  Into 
uniform  rouddineM.  Twenty  others  bad  produced  Bae> 
terial  slime,  which  bad  simk  to  the  bottom,  every  tube 
oontaining  the  slime  being  covered  by  mould.  Three 
tubes  only  remained  elcar,  but  with  mould  upon  their 
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wifaim  The  muddy  tumip-tubcs  hnd  incroascd  from 
bnr  to  ten ;  seven  tube*  wvrv  cloudod,  wbil«  eightvoii  of 
tbem  remoioed  clear,  with  here  and  there  a  ^>eek  of 
Boitld  on  the  soi&ce.  Of  the  beef,  six  were  cloudy  and 
one  thickly  muddy,  while  spotj  of  mould  hiid  funtiod  iu 
the  majority  of  the  remaining  tubes.  Kifteen  boon  sub- 
•equcnt  lo  tbis  observation,  viz.  on  tbe  morning  of 
October  27,  all  the  tubes  containing  hay-infusion  wero 
imitteB,  though  in  different  di^r«^«,  some  of  them  being 
BDch  tDorc  turbid  tlinn  others.  Of  the  turotp-t»be», 
UiTM  only  remained  unsmitten,  and  two  of  these  had 
noald  npon  their  surfaoes.  Only  one  of  the  tbirty^fiire 
heef-lnfnsiuQ  remained  intact.  A  clisogc  of  oocujnnoy, 
monm'rr,  bad  oceurred  in  the  tuW  which  Brst  gave  way. 
It«  muddiueM  remained  grey  for  a  day  and  a  half,  then  it 
cJbanged  to  bright  yellow  green,  and  it  maintained  this 
eolonr  to  the  end.  On  the  27th  every  tube  of  the  hun- 
dred was  smitten,  the  majority  wiUi  uniform  turbidity; 
Mate,  however,  with  mould  above  and  slime  below,  the 
InlenDediate  licfuid  being  tolerably  clear.  The  wliole 
piueea  bore  a  striking  TcsrmliliUice  to  the  {»Y)pagattoD  of 
s  plague  among  a  pcifmlatitm,  th<-  attacks  being  successive^ 
•ad  of  different  degrees  of  viniloocc. 

Khun  the  irregular  manner  in  which  the  tubes  arc 
infected  we  may  infer  that,  as  n'ganls  quantity,  the 
di>Lribution  of  the  germs  iu  the  air  is  not  uniform.  The 
fJngUng  out,  RioreoTcr,  of  one  tube  of  the  hundred  by 
the  particular  Bacteria  that  develop  a  green  pigment, 
ibow*  that,  as  regards  quality,  the  distribution  is  not 
imiform.  The  same  absenoe  of  uniformity  ¥ras  manifested 
m  the  straggle  for  existence  between  the  Bacteria  and 
the  penicillium.  Ii)  some  tubed  the  former  were  tri- 
Dfflpbant ;  in  other  tubes,  of  the  aaoie  infusion,  tiw  latter 
«ss  ttiumpbanL  It  would  s«em  also  as  if  a  waul  of 
nnfoni^ly  a«  regards  vilal  viffovr  prevailed.     With  the 
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.  wlftiune  infurioD  thn  moUong  of  the  BaeUtria  in  vy 

[lubea  were  exeeedEngly  lAOgnid,  while  ia  other  tubes  tli«; 

embled  &  rain  of  projoctiles,  beinnf  so  rapid  and  violent 

as  to  bo  followed  with  difficulty  by  the  cyo.     Keflectinf: 

on  the  whole  of  this,  I  concludo  that  the  germs  Boat 

tbrottgh  the  atmosphere  in  groups  or  clouds,  with  spaces 

more  sparsdy  filled  between  them.     The  touching  of  n 

nutritive  fluid   by  a  Bacterial  cloud  would  iiutunilly 

hare  a  different  effect  from  the  touching  of  it  by  the 

Ljnterspace  between  two  cloudfl.     Out  as,  in  the  case  of  a 

'■notiled  sky,  tlie  various  portions  of  the  landscape  an 

successively  visited  by  shade,  so,  in  the  long  run,  were 

Uthe  rarious  tubes  of  the  tray  touched  by  the  Bacterial 

r^louds,   the  final   fertilisation   or   infisction  of  them  all 

being  the  oonsvqucncft     Tkceo  results  connect  themselves 

fWEth  the  experiments  of  Pasteur  on  t!ie  non-continuity  of 

'the  cause  of  iMHcalled  spontaneous  generation,  atid  willt 

other  experiments  of  my  own.' 

On  November  9  a  seconij  tray,  containing  100  tul 
filled    with    an    infusion   of   mtitton,  was    exposed 
the  air.     On  the  morning  of  the  lIUi  six   of  tlie   tm 
nearest  the  stove  had  given  way^to  putrobction.     Tliri 
of  the  row  most  distant  from   the   stove  had  yielded, 
while  here  and  there    over  tho   tray   particular    tubes 
were  singled  out  and  smitten  by  the  infection.     Of  the 
whole    tray  of    100    tubes,   twimty-soven     were    eii 
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'  Id  hesp'tal  [oaetiM  tka  opra\jstc  at  •  wotwd  Aitiag  ibe  pungt 
BiclMi*]  flrad  •nnUil  hara  an  vSrt  rtrry  difftMnt  tram  lh«  Ofaniag  of  It 
in  Ui*  burxpMS  banrocii  two  elonrlt.  Cmtain  cn^vitM  ia  tbo  IxbtTiotir 
of  ilrnacd  vnoadi  maj  poMiUj  Im  Mcowitcd  tar  to  Uit»  wvy. 

UndoT  the  hMtdlag  •  NMhIpg  ttfw  udJct  tlw  Swi,'  Tntltmar  Ilut^  bn 
jmt  KOit  me  tbt  fjUoving  nmurluUc  ciu*<4 : — '  Utirigoii*  kaua  man  ticb 
<ti«  is  il«r  AimMphin  MlivIaimSDden  ThkfcbM  wt*  VToIlKn  duokta,  «t 
itta  i|3u  IHM  Lonuatan,  ja  puM  Taca  tSIKs  !•»*•  I^nnriiillnbM 
WDducla.'  <Elu«ab«K,  'lufutMM  TliMcebca.'  I6XR,  p.  b2S.)  Thn  cctBCt- 
daoM  t4  phnMoI«cy  U  loijvlt^,  Tor  I  knew  nothing  of  EltnalKvy't  i 
Mption.    Hjr  •  elo«d(.'  liovQitr.  an  tat  milt  tf  lUatwM  of  U*. 
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muddy  or  oloudy  on  the  Utb.  Thus,  doubtless,  in  aoon- 
tsginn  aUDOfphere,  are  individuals  sucoeesiTelj  struck 
down.  On  the  12th  all  tlw  tub«  had  given  way,  but  tbo 
differenoes  in  their  eoatcnts  were  cxtraordioary.  All  of 
them  Doutained  Baettria,  some  few,  others  in  swanns. 
In  some  tubes  they  were  »1o«  and  sickly  in  their  moticnu, 
io  some  apparently  dead,  while  in  others  tlioy  darted 
about  with  rampant  vigour.  These  diflerenoea  are  to  be 
referred  to  differoneM  in  Ibe  fjcnninitl  matter,  for  the 
nme  infusion  was  pre»ent(!ct  evorywhejc  to  the  air.  Here 
also  we  have  a  picture  of  what  occtin  during  ao  epidemic, 
the  difference  in  number  and  ene^^  of  the  Bacterial 
twanna  resembling  the  rarying  intensity  of  the  disease. 
It  beeotnes  obriuiu  from  tbcsc  cipcrimonts  that  of  two 
indiridnals  of  the  lame  population,  expoaed  to  a  conta- 
giooa  atmoepbere^  the  one  may  bs  severely,  Uie  other 
Iigbtly  attacked,  though  tlie  two  indlriduals  may  be  as 
identical  as  regards  suscepiibility  as  two  samples  of  one 
the  same  matton.infusion.  Eiperimcnts  with  other 
lys  are  described  in  the  full  account  of  Ibis  investigation, 
calculations  are  made  which  prove  ihe  error  of  the 
■■Ktian  that  the  germs  are  but  scantily  distriliutcd 
Utrangb  the  air.  There  are  billions  of  them  in  every 
anIioai7  London  room. 

Tbe  paisllelum  of  lltesa  actions  with  the  progress  of 
igiMtioua  diieaaa  may  be  traced  »tiU  further.  The 
■times'  of  January  17  contaiaed  a  letter  on  typhoid 
fever,  signed  'M.D.,'  in  which  occurred  tbe  following 
raHUkahle  statement:  '  In  one  )nrt  of  it  [Edinburgh], 
caogitgatcd  together  and  inhabited  by  tlie  lowest  oC  the 
populatloo,  there  are,  according  to  the  Corporation  return 
far  1674,  no  leaa  than  14,319  bouses  or  dwellings — many 
■nder  one  roo^  on  the  '  fiat '  system — in  which  there 
m  DO  house  eonncctions  whatever  with  tlie  ctreet  seversi 
uA,  oottseqoently,  tw  water-closetA.     To  this  day,  ther»- 
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fore,  atl  tlie  excrementitloiu  and  other  refuse  of  Ui«  in-' 
habitanU  is  oolloctcd  in  paila  or  pans,  and  remaiiie  in  th«ir 
midst,  gen«niUy  in  a  partitioned-off  corner  of  the  livin);- 
room,  uotil  tba  next  da;,  when  it  is  taken  down  to  tbe 
:<tfv«t«  and  emptied  into  tli«  Corpormtion  cart«.  Drunken 
and  vicious  though  the  population  be,  herded  together 
like  sheep,  and  with  tlic  filth  collected  and  kept  for  twenty- 
four  hours  in  their  very  midst,  it  is  a  remarkable  fact  that 
typhoid  fever  and  diphtheria  are  siropty  unknown  ial 
these  nTctched  hovels.' 

This  case  has  ita  analogue  in  the  following  expeii-l 
ment,  which  is  representative  of  a  class:  On  November 
30  a  quantity  of  animal  refuse,  embradDg  beef, 
fisb,  rabbit,  Ijarv,  was  placed  in  two  large  tc»t-tube« 
opening  into  a  prot«oUng-cbainbcr  containing  six  tubea. 
On  December  13,  wtatn  the  rwfusc  was  in  a  state  of 
noisome  putre&ction,  infusions  of  whiting,  turnip,  beef, 
and  mutton  were  placed  in  the  other  four  tubes.  Tbey 
were  boiled  and  abandoned  to  the  action  of  the  foul '  scwcr- 
gas '  emitted  by  their  two  putrid  compauions.  On 
GbriEtmas-day  these  four  infusions  were  limpid.  The 
end  of  the  pipette  was  thtm  dipped  into  one  of  (he  putrid 
tubes,  and  a  quantity  of  matter,  comparable  in  sinallneas 
to  tJ>e  pock-Iv'mpb,  held  on  the  point  of  a  lancet,  was 
transferred  to  the  turnip.  Its  clearness  was  not  sensibly 
aBcctod  at  the  time ;  but  on  the  following  day  it  was 
turbid  throughout.  On  the  27th  a  xpcck  from  tbu  in- 
fected turnip  was  tiansfcn«d  to  th«  whiting;  on  the 
2Rth  diitcaM)  Iiad  taken  entire  posseesion  of  the  whiting. 
To  the  present  hour  the  beef-  and  mutton-tubes  remain  as  . 
limpid  as  distilled  water.  Just  as  in  the  case  of  the  fl[ 
living  men  and  women  in  Edinborgh,  no  amount  of^^ 
fetid  gas  had  the  power  of  propagating  the  plague  as  long 
as  the  o^nivm*  which  constitute  the  liue  cootaglum  did 
not  gain  acoem  to  the  infusionsL 
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The  imivcnal  preratenoe  of  tlw  germinal  matter  of 
BiUiaria  in  water  haa  been  d«monBirat«d  with  the  utmost 
evidence  by  the  cxporimpsts  of  Dr.  Burdon  Sanderwm. 
But  tho  ^emu  in  miUr  arv  in  a  rvrj-  diSc'rcnt  condition, 
a*  T«gaid»  rvadincM  for  dvvvlopmcnt,  from  tho«e  in  air. 
In  water  thoy  are  tlioroiighly  wetted,  and  ready,  under 
tlie  proper  oonditions,  to  pass  rapidl;  into  the  goished 
oiganiim.  Id  air  thcj  aio  more  or  less  d<.t>iocat«d,  and 
require  a  period  of  propuation  more  or  leu  long  to  bring 
tbent  up  to  the  slarting-potnt  of  Uie  water-genns.  The 
rapldit;  of  development  in  an  infusion  infected  by  either 
a  Rpcck  nf  Liquid  ooutaining  Saderia  or  »  drop  of  wat«T 
is  rxtraordinarr.  On  Jnntiiiry  4  a  thread  of  glasa  < 
almost  aa  fine  as  a  bair  vns  dipped  into  a  cloudy  tumiiv 
iufiulon,  and  the  lip  only  of  tlie  glaw  fibre  waa  iotroduocd 
into  a  large  test-tube  containing  an  infiuiou  of  red  midlvt. 
Tvelve  hours  eubsequeatly  tho  perfectly  pellucid  Liquid 
was  cloudy  throughout.  A  second  t«st-tubo  ooBtaining 
c  same  infuaou  was  infcctcid  with  a  singlu  drop  of  tho 
illeU  watvr  fiiruisii<.-d  by  MeaiTit.  Hopkin  and  Williuini ; 
twelve  hours  ako  suESeed  to  doud  tho  infusion  tbus 
treated.  Precisely  the  Bame.  experiments  were  mado  with 
herring  with  the  nme  redulU  At  this  season  of  tlio  year 
•ereral  day^  exposure  to  the  air  is  nc«dod  to  produce 
the  Eane  effect.  On  Docsmber  <tl  a  strong  turnip- 
io^uioD  wna  preixuod  by  digesting  in  distilled  watvr 
at  a  tempentiire  of  120°  Fabr.  The  infusion  was 
diri'l^i  belwecn  four  large  t«i8t-tubee,  in  one  of  which  it 
waJ  k-tt  unboiled,  in  another  boilod  for  iive  minutes,  and 
[  in  the  two  remaining  ones  boilod,  and,  aft«r  oooUog,  in- 
I  fcctsd  with  nun  dropof  bvtif-iiifusiou  couLiining  Bacteria. 
I  In  twvuty-fixir  hotir*  tbe  unboilod  tube  and  the  two  in- 
I  (iiet«d  OHM  were  cloudy,  the  unboiled  ttibe  being  the 
I  moat  turbid  of  the  three.  Tbe  infusion  here  wna  pecu- 
I     tlarly  llmjiid  alter  digestioD;   for  turnip  it  was  quite 
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exceptional,  nod  do  anumot  of  Morcbing  wiUi  the  inicro- 
seope  eufficad  to  leveal  in  it,  at  first,  the  Inwie  of  a  liTing 
Bacterium ;  still  gentu  were  t'ueie  which,  mitebly 
uouriahed,  pa^aed  in  a  single  day  into  Bacterial  Bwajm 
without  number.'  Fire  days  did  not  suffice  to  produce 
on  cfTect  approxiuuttcly  equal  to  this  ia  tho  boilod  tabs, 
which  wa»  uuinfocted  but  exposed  bo  the  coumoo  labora- 
tory air. 

Inhere  cannot,  moreover,  be  a  doubt  tltat  the  germH  in 
the  air  differ  widely  atnoug  tht-mtclvcs  as  rcigards  pre- 
paredne«$  for  development.  Some  ore  freiih,  otJicn  old; 
Bome  are  diy,  otberB  moist.  Infected  by  iiuch  germs,  the 
mme  infosion  would  require  different  lengths  p(  time 
to  de^'olop  Bacterial  life.  This  n^mark  applies  to  and 
prol<ably  explains  the  diETcrcnt  dcf^reps  of  rapidity  with 
which  epidemic  ditvase  acts  upon  different  people.  In 
some  tbe  hatching-period,  if  it  may  be  called  such,  is  long, 
in  some flhort,  tbe  differeofie*  dc]>i>i>ding  upon  tbcdiffoi 
degrees  of  prepeuredaesa  of  llie  oontagium. 

Such  is  an  outline  of  th«  present  enquiry  as  fur  as  it 
is  now  complete.  It  gives  mo  pleasure  to  refer  to  the 
untiring  patience,  tho  admirable  mechanical  Ekilt,  the 
veracity  in  thought,  word,  and  deed  displayed  throughout 
by  my  assistant,  Mr.  John  Cottrelt,  who  vas  ecaloudy 
aidod  by  bis  junior  oolleagne,  Mr.  Frank  Valter. 
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Mt  inlATMt  in  tJte  quHtioo  of  spontaavoiu  generation 
was  first  excited  by  tlie  impcruibable  invetligations  of 
Pasteur,  while  the  medical  bearing*  of  tho  question  were 
eabsequontly  made  more  and  more  clear  to  me,  mainly,  I 

'  T&»  Kara*  u«  to  b*  finind  in  tbe  btMt  of  tha  cIoumI  blacha  nf 
Num>  io*.  Sotli  writer  pt«|and  bj-  ditmU  laa  bna  unMipcd  iy  Dr. 
fiaudanon.  tnd  tvuti  tft  bo  ^oita  M  iBtKiiou*  M  Mdlaary  warn. 
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ongbt  to  tay,  hj  tbfl  vritiDgs  aod  convcryatii>n  of  Dr. 
Wflliain  Budd.  For  moru  than  fifteen  jean  ttiu  strong 
Bad  origiaal  thiulier  fooglit  in  EngUnd  an  up-hill  figbt 
in  lavoiir  of  ibo  goim  tlicoiy  of  cpidemio  ditcafc,'  and  bis 
lut  iDtcllecAnal  effort*  tbe  production  of  hit  grcxt  work 
on  Typhoid  Fever,  ondenrbicbjimhappjly,  his  over-active 
mind  gare  way,  consiatal  in  coDcIoalTelj  demonatratin^ 
both  tbo  contai^ous  character  and  tfao  seat  of  the  coq- 
tjngjnm  of  tbat  diseuc.  Tbc  quotation  from  a  letter  given 
at  page  172  of  tb!a  volitme  will  fliow  tbc  dcanieai  and 
de^iteceiB  with  which  Dr.  Budd  from  the  first  grasped 
the  doctrine  of  *tbc  vitality  of  contagia*  which  is  now 
evflfTwhare  gaining  gToand. 

Since  tbe  time  here  referred  to,  ablo  investigators  in 
various  Giiropeaa  coontfies  hare  taken  up  the  question  of 
oontagiom,  until  at  tbe  presu&t  moment  do  other  medical 
principle  oceuptes  ao  much  thought,  or  i»  the  subji-ct  of  eo 
much  diwoaiioii.  *  How  doen  it  happen,'  says  Dr.  Burden 
Saadeison,*  '  that  these  Bacteria,  which  we  suppose  mttst 
have  existed  balf-^^Ioten  years  ago  in  as  great  numbers 
m  at  present,  were  then  scaroely  beard  of,  and  that  they 
now  oocnpy  so  large  a  place  in  the  medical  literature  of 
this  oonntry  and  of  Germany,  and  bnvo  lat^rly  afforded 
malnial  for  lively  discussion  in  the  French  Academy?* 
I>r.  SendrrsoD  points  ont  tbe  relation  of  Uster  in  Englnnd 
and  of  Ilillicr  in  Germany  to  tbe  movement  n^arding 
Baeltria  which  is  now  working  like  a  ferment  thiougb 
the  medical  world.  But  to  scarody  any  other  workers  aro 
wemoraindobLcdLhantoDr.Sandefson  and  his  colleagues, 
far  tlw  coetinued  and  successful  prosecution  of  rewarohes ' 
bv«ring  upon  tbe  pathology  of  contagion. 

I,  this  jear,  took  with  me  to  the  Alps  the  exodlont 

'  StffArtn],  1 M  ^fPJ  ''■'Byt  Ifow  (aioMt  satlioritf,  8ct  ThooiM 
>  •  Bfiii*  Jbi^  louxm\:  Juihb/}  If^  ItTL 
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K-poria  of  tlio  modical  officer  of  the  Privy  CouuoiJ,  togti- 
tlicr  with  tlio  u&tocutod  mcmoira  of  Dr.  SwtderKon  and 
Dr.  Klein.  On  Uie  h«atlthy  mounUia  sides,  in  the 
intervals  of  other  work,  I  read  Uie«e  papers,  witli  th» 
intereat  of  one  who  nw  in  Uiem  Uie  steady  growth  aod 
consolidatioii  of  a  prinoiple  which  promioa  to  reeeue 
medicine  &om  the  reproach  of  empiricism,  to  raiso  it  to 
the  rank  of  a  true  science,  and  to  pUoe  those  '  invisiblo 
foo«,'  as  they  have  b«en  colUd  by  the  cclchratod  Cohn, 
wliicli  lurk  in  the  air  we  brc-nthe  and  in  tlie  water  we 
di'iuk,  within  the  g;rasp  of  Uie  physician. 

A  few  vxtmota  from  the  reports  wiUi  which  Mr.  John 
Simon  prefaces  the  memoirs  of  the  gentlemen  who  work 
in  his  departmoDt,  will  show  what  important  advances 
havQ  boon  mode  of  late  yean  in  our  knowledge  of  the 
Cuatagia  of  infective  discaso.  *  Ten  years  ago,'  says  Mr. 
Simon,  in  his  report  to  the  Privy  Coimcil  for  1874, '  wo  jj 
had  not  even  a  beginning  of  any  true  insight  into  the  ^M 
respective  contagia  whidi  excit«  acute  infective  di)iea»ea ;  ^*' 
and,  considering  the  large  and  lasting  interest  which 
exact  studies  in  this  6e]d  of  edfflitific  research  must  have 
for  the  human  raeo,  I  think  fho  fact  noteworthy  that  the 
first  of  such  nttidies  vera  inutitutMl  and  the  6nit  step*  of 
discovery  made  with  referc^nce  to  a  contagious  fever  of 
homnl  cattle.  I  refer,  namely,  to  the  researches  wluch 
vant  mado  under  llor  Majesty's  Government  in  1865,  in 
'aid  of  the  then  Cnttlo-pUgue  Commission;  when  Dr.  Ueale, 
working  at  thv  microscopy  of  the  disease,  drew  aUention 
ta  the  swarms  of  extremely  minuto  particles  which  he 
found  universally  present  in  tiie  textures  and  joJoes  of  Uta 
animals,  and  which  he  believed  to  be  the  oontagium  of 
the  disease;  and  when  Dr.  Sanderson,  working  nt  the 
mutter  from  a  diRerAnt  point  of  view,  succeeded  iu  ebovr- 
ing  experimentally  that  the  true  contagitim  admits  of 
being  physically  distinguished  in  the  auiui^  juiws  which 
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a  it,  and  of  bcii^  w>  Mtparated  from  them  as  to 
leave  then  without  JnfucUvo  power.  In  the  next  boo- 
«eeding  ye*ra  the  wrilingM  of  Dr.  UiUiRr,  Profiwor 
Botany  in  Jcma,  brongfat  imdoc  animated  dixcussioit,  aa  s 
briDcb  of  miL-rophytolog7,  th«  nature  and  origin  of  conta- 
^om  particlf^a  in  a  graat  variety  of  di»e««ef,  human  and 
hnito.  Ntiw  experimental  knowledge  of  several  cotttagia 
was  Ect  forth  in  the  writingx  of  Professor  Ofaauveau,  of 
the  Vctorinanr  School  of  Lyons,  and  in  1870  I  had  the 
baoour  of  pre»tsiting  Dr.  Sandor«on'ti  first  report  of  re- 
MSicbcs  made  in  the  matter.  At  tliat  time  general  con- 
cltaions  e«emcd  justified,  first,  that  the  characteristic* 
■faaped  elements  which  the  microscope  had  shown  abound- 
tng  in  varioiia  infective  products  are  self-multipl}/ing 
organic  forms^  not  coi^ncric  with  the  animal  l)ody  in 
wfaicb  tbey  are  fonnd,  bnt  apparently  of  the  Idwwt  rego- 
table  kind;  and  swcoodly,  that  sueh  living  orgAi)i«iQ>  are 
pmhably  the  emenee,  or  an  inseparable  part  of  the  (i^scncc, 
of  all  oontagia  of  diseaae.  The  study  of  morbid  contagion 
waa  thus  brought  into  seeming  affinity  with  that  which  ' 
bad  for  some  ye«r3  before  been  made  by  Profc-fyor 
Schroeder  and  M.  Pasteur  in  the  ordinary  processes  of 
fermentation  anrl  putrefaction;  and  thcit;  began  to  be' 
fiitntly  visible  to  os  a  vast  destructive  laboratory  of  Xature, 
wherein  the  diseases  which  are  moat  £atal  to  animal  life, 
ud  (he  efaang««  to  which  dead  organic  matter  is  pas- 
y  liable,  appear  bound  together  by  what  must  at 
be  called  a  very  close  analogy  of  causation.  This  , 
aw  of  the  matter  has  linoe  then  beooma  greatly  more 
(ifUoct,  in  consequence  of  the  investigations  m«dc  by 
)r.  Sanderson,  parliculnrly  in  1H7I  and  1872,  wilh  refer- 
'enoe  to  the  common  fcplic  cnntagium  or  ferment.  For 
in  that  fmnent  (here  seems  now  to  be  identified  a 
Gwce  which,  acting  diaintejtrativcly  upon  orgjinic  matter, 
wbetbcrdcad  or  living,  can  on  the  one  baud  initiate  putrfr- 
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foetion  of  what  i>  dead,  utdon  the  other  hsnd  iniliaf 
febrile  sad  inflnmmatorir  proceeecfl  in  what »  living. 

''Continiiiitfon  of  this  line  of  vtud;  in  rt^trd  of  Miite 
ioffNition!!  of  the  living;  body,  Ih  ropresentod  in  the  fint 
two  of  tlie  appended  papers. 

<  In  the  first  paper  Dr.  Sanderson  brings  down  to  the 
pren^nt  timi^  an  aocotmt  of  tlw  micrc^hTtos  of  contagion, 
setting  forth  more  partioularl;  tuoli  positive  knowledgts 
as  had  yet  been  obtained  with  regard  to  the  respeetite 
contagia  and  respective  morbid  processes  of  diphtheria, 
erysipelas,  relapsing  fever,  and  splenic  fever,or  the  "milz- 
brand  "  of  veterinary  practice. 

*'rbe  second  paper  rcprcscnta  a  contribution  to  the 
growing  modern  doctrine  of  cootngion  in  an  exposition  fa; 
Dr.  Klein  of  tins  intimate  natttre  of  tiio  local  obanges 
which  characterise  tlie  acute  lyniotic  dij^eajie  known  as 
Variala  Ovina  or  Sheep-pitx.  Dr.  Kldn  Itaa  been  aUe 
to  identify  the  oontagium  particles  of  that  infectioos  fever 
as  definite  microphytes  growing  and  fructifying  with  vast 
rapidity  in  the  canals  and  tissues  of  the  infected  skio. 
Tlio  woodcut«  of  his  annexed  paper  show  the  prooeo  to 
have  been  observed  by  him  with  a  completeness  not  yet,  I 
bdievo,  attained  in  regard  of  any  other  such  case.  And 
tbeae  results  of  bis,  whilu  tJiey  complete,  as  regards  the 
special  disease  in  que»tion,  tlie  broad  pathological  outline 
which,  previous  induotions  had  rendered  protablc,  must 
also,  I  think,  be  regarded  as  tending  very  importaolly  to 

finn,  while  they  illustrate,  the  general  doctrine  of  th4 
ittality  of  eonfo^'o.' 

It  was  with  no  levity  of  mind  that  I,  &o  outsidor,  who 
had  been  drawn  by  my  own  experiments  in  1868-69  to 
the  oontemplatioQ  of  the  subject,  vi'iit4tr«d  to  range  my- 
self on  the  side  of  those  who  then  advueated  the  doctrine 
•o  dearly  enunciated  by  Mr.  Siukhi,  and  to  ruUf 
slrengthened    by  the    resoanhn   oonductod  under   hi« 
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diredintu  Wliat  vtaa  tbati  more  or  leas  tbc  eurnuM 
tn«n  of  genius  like  William  Bmld,  l»  now  bcinj;  raised 
lo  the  tcTel  of  demonatratioa.  With  increaiied  diitcipline 
inTefOigatioQ  iiafcur»lly  tends  to  become  more  detailed 
and  iipeci&c,  the  forecasts  of  tlic  scientific  imaginatioM 
tMcomiDi;  gnidtinlly  displaced  by  thu  nolid  maitcr  of  &ct. 
Speaking  of  Iho  lutroc  produced  hj  t^rphoid  fever  und  of 
tliD  onnUgioo  to  which  that  fever  id  diiie,  T)r.  Bud<),  in  his 
eHflbtat^d  work,'  ohseives :  '  It  is  humiliating  lo  think 
lliat  iwies  such  as  these  should  be  contingent  on  the 
pawifTS  of  as  agent  so  tow  in  the  scale  of  being  that 
mildew  wbicJi  springs  up  on  decaying  wood  must  be  con- 
ndeiod  high  in  coinijnriMO.' 

In  lit<  hut  report  to  the  Privy  Council  Mr.  Simon  wag^ 
lUe  to  anuounee  tJie  probable  discovery  by  Dr.  Kluin  of 
Um  agent  here  referred  to.  After  passing  in  review  two 
impoTtnat  papers  by  Profesror  Bunion  Saaderaon  on  the 
'I'rocen  of  Fever,'  and  on  th«  *  Experimentol  Study  of 
Infeclivc  InSajmnaiion*,'  Mr.  Simon  thus  refers  to  Dr. 
Klein'd  paper:  'Tfae  third  paper,  wbicb  U  by  Dr.  Klein, 
giraa  (aa  foreabadowed  in  my  last  report)  the  extremely 
tntenMtinit  results  of  his  investigation  of  the  intimate 
anatomy  of  Enteric  Ffwr ;  and  Dr.  Klein,  who  fortunately 
iiftrtbt  eoougb  to  roproduou  ailmirubly  with  bis  pencil 
tba  amtoducal  appwonves  which  ho  diaplitys  under  the 
nierotoope,  haa  beio,  aa  on  former  occasions,  iUustrutedj 
Ilia  written  report  wiUi  drawings  whicli  make  the  result*^ 
peculiarly  clear. 

*  The  paper  has  its  distutctive  and  very  great  interest 
in  tbo  &u:t  tbot  it  purports  to  describe  for  the  first  tamo 
the  ooutagium  of  ent«rio  fever  as  sometbing  cognisable  to 
Uie  nye :  in  rMpcct  of  certain  multiplying  microsoopical 
forms,  appOTcnlly  nf  Ihc  lowfsl  vegetable  life,  which  oro 

•  'Tf^Aat'i  Tiitn;  lu  NkUin,  Uada  of  Spnading  »ad  Pwr«Bllaa.^ 
UMfmscj,  is;},  p.  I. 
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found  in  inniimcrobk  swnrms  In  tlie  bowel-tfxtures  and 
Irawd  (TiMrhai-gos  of  tlie  sick  ;  peaetrstitig  from  Llic  former 
to  diffuse  throughout  the  patient's  gcncnd  cy^tiun,'  and 
teeming  itt  the  latter  to  reprDsent,  as  Uii«  view  KupposMi, 
the  poesihlv  )^itDB  of  epidemic  iofectioo. 

*  The  moil  cunor;  glaaoc  cut  by  the  anatomist  at  th« 
illiiittrationR  of  Dr.  Klein's  pa))cr  will  convince  him  of  th« 
rcAlit;  of  the  fjicts  Khidt  I>r.  Kl'.-iu  ■nt«rpreta  to  the 
above  effect:  and  that  the  interpretation  thus  aasigDed 
to  the  &ot8  is  the  one  which  they  miMt  generally  recoivo 
is,  t  think,  an  inevitable  consequence  of  the  considcrBtions 
which  were  stated  in  my  last  report  with  gi-ncral  n^ard 
to  agencies  of  contagion.  The  ent^^ric  fover  of  man  it  tMt 
yet  known  to  he  communicablo  to  any  otluT  luiimal ;  and 
it  lias  tlierefuro  not  boon  posuble  to  perform  in  relation 
to  its  sitppoied  contagiiim  auch  experiments  as  have  been 
made  on  Hie  lower  animals  with  respect  to  tli«  oontagia 
of  some  other  diseases.  In  absence  of  such  experiments, 
the  same  degree  of  certainty  cannot  at  present  bo  ex- 
pressed with  regard  to  tbc  contagium  of  enteric  fc%-cr  as 
with  regard  to  that  (for  instance)  of  Bhccp-pos:  but, 
subject  to  any  correction  which  oxporimcnt  may  hercaifl«r 
MUpply,  wo  may  at  least  accept  as  approximately  proven, 
that  Uio  contagium  of  enteric  fever  has  its  cMcnco,  or  part 
of  itt  essence,  in  tlie  microphyte  which  Dr.  Klein  has 
discovered ;  and  that  here  accordingly  in  a  furtlicr  illu^ 
tration  of  the  general  doctrine  which  I  have  noticed  on 
many  previous  occasions,  witlt  regard  to  the  significance 
of  specific  organic  forma  in  the  constitutioQ  of  specific 
contagia. 

In  an  immediately  practical  point  of  view,  mueb 


i 
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■  TU)  Twnlwl*  ena  oT  tW  *pM*d  of  IWiut  thraogb  liu>  rilkworm*  m- 
peAtatMitd  on  \if  ruttur.  la  tha  nua  of  (^  •ormt  tha  ocgtainM  Int 
l«ek  pB— tirion  «f  UiB  tnlMtinal  taaai,  and  apM^  ttuoet  Uiroiig^iMt  tba 
bodjcf  Uia  worn.    8m  p.  lit  of  lliU  reluiiie. 
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btarett  uU»eht»  to  Dr.  Kkia'K  rctnaik  Uint  the  micro* 
pfaTte,  vbioh  h«  describes  jn  the  preMUt  paper,  closely 
eatieipoDda  wilb  that  which  ProfeaBor  Cohn,  the  emiBeofc 
mlero-botaoist,  described,  under  the  oame  of  Crenotbrix 
poljrspoTft,  u  found  b;  him  "  id  tbe  well-wmter  of  a  certain 
district  in  Bresbu,  fnmous  for  thfi  frequent  occuttcdco  of 
cnttfic  fever  iimoDg  its  inhabitAntM."' 

Bvely  bu  the  pen  of  &  medical  writer  produced 
a  pangTAfih  of  f^iiiil  importuioe  to  that  vrliereia  Mr. 
Simoti  drawn  a  dUtinction  between  the  fcetid  gaaes  and 
stinks  arising  from  animal  and  vegetable  putre&ctioa, 
and  tbe  real  contagia  oonoemed  in  the  production  and 
propagation  of  typhoid  fever.  'An  important  Eu^gcBtion,' 
be  writM,  'of  modem  icienoe,  with  ri>gard  to  the  aaturo 
of  th«  operatiou  by  which  Sltb,  attacking  the  human 
body,  is  able  to  disorder  or  destroy  it,  is,  that  the  chief 
morbi6o  aganeie*  in  filtb  are  other  tlian  those  obemioally- 
ideotifiod  stinking  gaseoos  products  of  organic  decomposi- 
tioo  -which  force  themselves  on  popular  attention.'  Ex- 
IKKOTB  to  tbo  Bofficiently-conccnt rated  forms  of  organic 
deoomposilJoQ  (as,  for  instance,  in  an  unvcntilated  old 
Desi^eol  or  Inng-hlooked  sewer)  may,  no  doubt,  prove 
immediately  fatal,  by  reason  of  some  large  quantity  of 
snlpbiilo  of  smmooium,  or  other  like  poisonous  and  fcetid 
gM,  which  the  sufferer  niddcoly  inhales ;  and  &ir  smaller 
doses  of  tbeM  ftetid  gsMS  as  breathed  witb  extreme  dUu- 
Uoa  in  ordinary  Btinkingatmo^hem,  both  give  immediate 
hrwhche  and  general  discomfort  to  sensitive  persons  tem- 
poimrtly  exposed  to  tbem,  and  also  appear  to  keep  in  a 
tomewhat  vaguely  doprceted  stat«  of  health  many  who 
babttually  brcttthc  tbem :  but  liero,  so  Su  as  wo  yet  know, 

'  Six  fmu*  »fo  t  vmCa  tkni :  *  DniM  mil  natpoolf,  imkol,  *n  bj  bo 
■i«ii<  ia  «Mh  aril  odour  *•  tlivjr  «••>!  Ici  b*.  A  biJd  ThuoM  ux)  •  lo* 
ialh.«itaoarar&imi  linu  tatufu  in  loodiM.  For,  if  tk*  >pt«in1  nwUtf  or 
pnm  d  ifi^f  in  ditunlcr  b*  act  fwiaat,  a  rompt  ■tmut^hera,  bomrcc 
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la  tiie  end  of  the  potency  of  these  stinktii);  gases.  Viliil<^ 
however,  thus  Ear  there  ia  only  the  femUiar  case  of  the  fo- 
called  common,  chemical  poison,  which  biutB  by  instant 
action  and  in  direct  propottion  to  its  palpable  and  pondcr-HJ 
able  doee,  the  other  and  &r  wider  pouibilitica  of  tnischi«f  H| 
which  we  recogniM  in  filth  nrc  such  «s  apparently  muRt 
lie  nliiibiitcd  to  nwrbifio  fvrmgn/U  or  eontagia,;  mattera 
which  not  only  are  not  gaseoitt,  but,  on  the  contrary,  so 
far  as  we  know  them,  seem  to  have  their  essnnoe,  or  an 
inseparable  part  of  it,  in  certain  solid  elements  wbich  the 
microiicopc  discovers  in  them,  in  living  arganisms,  namely, 
which  in  tbeir  tarfjest  sixes  are  but  very  minute  microsc(^ 
pinil  objects,  and  at  their  least  sizes  arc  prolably  unseen 
c^vcn  witli  Uitt  micTOMOpn ;  organismx  vhicli,  in  virtue  of 
their  .  vitality,  are  indefinitely  eelf-multiplyin)>:  within 
their  respective  spberea  of  opeiation,  and  which,  therefore, 
as  in  contrast  with  common  poisons,  caa  develop  indefi- 
nitely large  ulterior  cSTects  from  first  doeos,  wliich  are  in- 
definitely nnall.' 

*  Of  ferments  thus  characteriMod,  the  apporeutly  essen 
tial   &Gtor«  of  q>eotSo  chemical  prooeaM*,  at  least  one 
sort — the  ordinary  septic   ferment — seems  always  to  be 
present  where  pntrefoctive  changes  are  in  progreB!>,  aa  of 
course  in  all  decaying  animal  refuse ;  while  others,  though 
certainly  not  omontiut  to  all  such  putridity,  are  in  dif- 
ferent degrees  apt,  and  some  of  them  little  less  tlian 
certaiD,  to  lie  frequent  iaeident«  of  our  ordinary 
fuse.      As,   apparently,  it  is   by  the«e  various  ngenci 
(essential  and  incidental)  that  filth  produces  "  symctio 
diseaic,  it  is  important  not  to  confound  them  with  the 
totid  guca  of  organic  decomposition ;  and  the  questi' 
what  infecting  powers  are  pronUent  in  given  atmosphere*' 

>  8t«  tk*  patallol  9u«  or  ihe  iafcMicia  of  iniiBdaaa  in  li>»  Bnl  HliEla  of 
thia  rolun*,  p.  (33.  F«OBUlii>mtioaarih*po«vrii(MU-n«]t)|ilksUaB 
U  MlkTonw,  (M  ^  139.    Sea  iIm  LikUr,  f.  148;  cbM  |>p>  1I)>  IT)- 
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ifcoald  nener  bo  regarded  u  a  toero  qucation  of  stink.  IfeJ 
uof  UieatiDOstpraeticcil  importancutonrcogTuse  in  rt^arti- 
of  filth,  Uiat  ageots  vliiob  destroy  itd  stink  ninj  yet  leave 
all  ita  main  powers  of  diaeu^production  tiDdimiiiished. 
Whether  the  fcrtnrnts  of  diaeaae,  if  they  cotdd  he  isolated 
in  lufGcinit  quantity,  would  prove  themselves  in  any 
d^ree  odorous,  is  a  point  ou  nhlch  no  f^aess  need  )ie 
bacarded ;  but  it  is  certain  that  in  doccs  in  which  they 
can  fatally  InJbct  th«  human  tx>dy  they  are  infinitely  out 
of  reach  of  even  the  mott  cultirated  aeiue  of  smell,  and 
that  this  sense  (though  itt  po»tive  warnings  are  of  iudia- 
pemaUe  sanitary  serrioe)  is  not  able,  except  by  indirect 
and  quite  insufficient  perceptions,  to  warn  us  against  risks 
of  morbid  infections. 

*^£Tcn  as  regards  the  positive  notices  which  m  re- 
ceire  bj  Om  taue  of  smell  with  regard  to  putxefactjra 
dfoonpontion,  wo  must  not  asumo  that  the  diffusioti  and 
poUncj  of  M-ptic  fcrmpnt  in  the  air  ncixssarily  go  pari 
pastu  with  the  ditfuxion  and  offeusivcncss  of  the  fcctid 
giswi  Witney,  on  a  very  lurge  scale,  tlie  experience 
of  London  in  the  sumoMv  of  ISilS;  when,  as  petsons 
who  were  then  frequenting  Wisstminster  tnsy  well  r^ 
member,  our  tidal  river,  enormously  chai^;ed  with  de> 
tompimag  aewa^  stank  week  atler  week  in  a  degree 
which  exciLed  much  public  alarm  as  to  the  pocsihie  ooo- 
Mqneoce*  of  the  nuisance,  and  even  ted  to  an  immodistd 
tntarferBnce  of  the  Lc^lature ;  but  when,  though  the 
ijnantity  of  f  ulphiiretted  hydrogen  in  the  river  atmosphere 
vaa  maeh  as  rapidly  to  bUcken  the  ordinary  chemical  tesU 
papen^  as  woU  as  to  aSect  in  tbo  same  way  tho  Icad-paiot ! 
af  'vcanla  on  the  river,  and  was  eootigh  also  to  produced 
saOBg  pnwMM  nudi  engaged  on  the  river  su«h  signs  of  '■ 
■i^phldfr-poisoning  as  I  have  above  mentioned,  the  par- 
tieulirailinunta  which  attest  tho  working  of  septic  ferment 
oa  the  hOBkan  body  were  in  even  I«i»  than  average  pr«v» 
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lenoe  among  the  unwiUing  nibjecU  of  thia  large  i 
meat.' 

At  pago  172  of  tlieae  *  I-^ttgments '  I  use  tbe  foHowin^ 
laiiguagQ :  It  has  bwn  e&i6,  and  it  is  sure  to  be  repeated, 
that  I  am  quitting  my  Tn^tm-  in  t^waking  of  Ukso  thUigs. 
Not  CO.  1  am  dealing  with  qucstioos  on  whicli  mind* 
accurtomcd  to  weigh  Uie  value  of  cxpcrimentol  evidence 
are  alone  competent  to  decide,  and  regarding  which  minds 
so  trained  are  aa  capable  of  forming  a  correct  opinion  as 
they  are  regarding  a  problem  of  magnetiem,  or  of  radiant 
heat.  'The  germ  theory  of  diwase,'  tt  haa  bom  said, 
*  appertains  to  tbe  biologist  and  the  pb  jsiciao : '  granted ; 
but  not  to  them  alone ;  for  when;  is  the  biologist  or 
phyi>iciai)  wliow  re*earclie»  in  coancctiou  with  tfai«  sub- 
ject could  for  one  instnot  be  oompared  to  those  of  the 
vhemitit  Pasteur  ?  It  is  not  the  philoaophie  members  of  i 
Uie  medical  profesdion  who  are  likely  to  bo  dull  to  Uie 
reception  of  truth  because  it  does  not  orij^nate  wllhin 
the  pale  of  the  profession  itaelf.  i 

It  was  Dr.  Itastian  who  claimed  in  tbe  words  aliovo 
quoted  the  germ  theory  of  disease  is  tbe  property  of  the 
biolo^t  and  the  physidan.     For  eix  yevg  his  claim  haa 
been  conceded  la  him,  and  wo  now  see  the  use  be  has 
made  of  tbe  concession.     But  I  regret  to  t>ay,  that  the 
same  view  of  tbe  subject  bas  been  taken  l>y  other  rer 
dietitiguighcd  men.     Sir  William  Jemier,  for  example, 
bis  address  as  President  of  the  Clinical  Society,  en]pIoyft| 
the  following  langnage :  '  I  do  not  »ay,  nor  do  I  tbiii 
that  Uie  arguments  and  facta  able  to  be  adduced  In  fitvou 
of  the  origin  tU  novo  of  tbe  coutagious  diseases  are  con-      , 
elusive  i  but  I  do  cay  they  are  etroog  enough  to  make  iU^| 
pnuM  before  we  accept  tbe  theory  advocated  by  Dr.  Wm.^1 
Budd,  and  to  which  Professor  Tyndall  has  lout  the  weight 
of  his  name — a  weight  which  would,  however,  be  grealor 
on  the  point  io  question  if  he  luid  himself  studied  tbe  sub- 
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ject  oo  which  ha  han,  I  am  sorry  to  ny,  addressed  tlie 
poUic  in  a  stiam  calculated  tu  oli«clc  uiipri^jiidi«xd  iodi- 
Tidoal  enquiry.' 

The  eourtefiy  of  Sir  William  Jeoocr's  refer«noo  en- 
eoorages  me  to  hope  that  be  will  accept  toy  Matimncn 
that  tho  part  I  have  publicly  taken  in  ref«reQce  to  Dr. 
Bodd  was  prcc«Icd  by  do  nnall  amount  of  study  of  the 
qacBtion  in  band.  Dr.  Muicbiaos,  the  most  prominent 
\t»AeT  of  the  party  in  the  medical  profession  who  teach  tl>e 
fpontaneo'js  gtncmtiou  of  infective  di<«afes,  aSlrms  thnt 
the  eontagium  of  typhoid  fever  *  may  be  genentod  inde- 
pendently of  a  prenooi  ca«e  by  fermentatioD  of  focal  and 
perbapa  other  forma  of  orfifanifl  matter.'  I  thinlc  it  prob> 
able  that  the  experience  of  Sir  William  Jenner,  or  of  Dr. 
MurchisoD,  in  leganl  to  &ecal  matter,  is  less  than  my  own. 
Fur  more  than  twenty  years  I  have  annually  had  oocasion 
to  obaerve  fecal  matter  of  all  kinds  seething  under  a 
tnmmer  sun  in  tho  Tillages,  hamlets,  and  cb&leta  ot 
Switzerland,  and  proving  itself  utterly  incapable  of  gene- 
rating that  contagium  which,  according  to  Dr.  MurcbiMo't 
tocUng,  is  a  product  of  ita  fermentation.  There  i»  but 
one  way  of  getting  over  the  argiimeota  of  Dr.  Budd,  and 
that  is— to  destroy  his  fact« :  for  ttieae  being  gfant«d,  his 
conclusions  are  irresielible.  To  bis  &ots  and  reasonings 
are  now  to  be  added  the  whole  weight  of  the  researches 
randact«d  uodvr  the  auspice*  of  the  PrivyCoimcil.  These 
■re  dead  agalDSt  the  notion  favoured  by  Sir  William 
Jennor,  and  enunciated  by  br.  Murchison  as  one  of  the 
Ifding  eooclustoDs  in  the  summary  of  his  learned  work  on 
*Ty|ihjoid  Fever.'  I  may  he  permitted  to  express  a  doubt 
shetber  in  England  a  doi«n  year*  hence  a  single  phyxiciaa 
of  their  oommandiug  eminence  will  be  found  endorsing 
th«  news  which  they  have  thought  it  their  duty  to 
Hnnciate  and  defends 

At  the  end  of  this  volume  will  bo  found,  witli  a  few 
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omUsioos  inuDatftrial  to  tho  principlo  discusaed,  tb«  letter 
to  tiw  'Timet'  which  provolcvd  at  tlie  Umc  of  its  publica- 
tion >o  tnvioli  boKtile  criUoion,  and  brought  down  upon 
me  tho  ceosure  of  Dr.  Marchison  and  Sir  William  JenDcr, 
I  GoiDisit  it,  without  mi^ving,  to  the  judgment  of  the 
future.  In  reference  to  m;  allusion  to  Vt.  Klein,  Dr. 
Murcliison,  at  a  mooting  of  tho  Pathological  Society  on 
Muy  4,  lb7d,  spolci!  tUuii:  *  I  Wliuvu  thitt  Dr.  SimdcreoD 
hiinsolf  would  be  the  6rat  to  repudiate  an;  «ich  stato- 
ment,  and  I  tliink  that  any  one  who  baa  listened  to  this 
debate  must  be  sati&fiod  chat  such  an  announcement  was 
ODtirely  unwarrantod  by  Dr.  Elcin'a  dixcoTery  of  BacUria 
in  connection  witli  the  lesion*  of  onteric  forer.'  The 
reader  must  juilgi;  between  Dr.  MurchLson  sod  me.  The 
warrant  for  my  refurenee  is  to  be  found  at  pp.  [29,  [30, 
and  [31,  whvre  Mr.  Simon's  account  of  Dr.  Klein'H  di»- 
covery  is  given  verbatim. 


I  take  this  opportunity  of  notifying  my  acceptance  of 
a  correction  on  a  point  of  history  at  the  bunds  of  my 
eminent  opponent  the  Bevoreod  James  Martincau.  It 
has  reference  to  a  pastage  in  the  *  Belfast  AddisM,*  in 
which  tlie  relationship  of  Empedocles  to  Democritus 
is  mentioned.  Speaking  of  n  ptmago  from  Lnngo,  Mr. 
Martioeau  tayK :  '  Mitilod  l^  tho  order  of  tbia  passage, 
which  gives  the  miniug  Uiougbt  after  naming  tho  gap 
which  It  might  Itare  611ed,  Dr.  Tyndall  bw  dcacribcd 
Kmpedocles  as  inteDlionally  making  good  a  defect  In 
Domocritua.  Thia  ia  an  inversion  of  the  cbronotogy. 
Empcdoclos  preceded  Democritus  by  at  loast  a  genera- 
tion, being  bom  about  s.c.  490  and  dyii^  B.O.  430 
whiUt  Democritus,  whom  wo  find  at  Thurii,  shortly  a 
the  foundation  of  Die  colony,  in  B.C.  4-13,  died  at  a  v 
advanced  age  b.c.  357.'  A  reference  to  dates  in  Smith 
*  daaaical  Dictionary '  will  show  that  my  mistake  was 
an  unnatural  one. 
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TBE  COSSTtTVTlOy  OF  KATVRR} 

WE  cannot  tliink  of  ipaoc  as  finite,  for  wlifrcTer  in 
imngioatloD  «s  erect  a  boundan',  we  am  compelled 
to  think  of  gpace  u  existing  beyond  it.  Thus  by  tho 
tneeaaat  di»olution  of  limits  we  arrire  at  a  more  or  lem 
adequate  Idea  of  the  infinity  of  irpace.  Rut,  tliough  com* 
fdled  to  think  of  space  as  unbounded,  there  is  do  ment-U 
Moeeritj  ccmpeUing  m  to  think  of  it  either  aa  filled  or 
napi^y ;  whether  it  ta  to  or  not  must  bo  decided  by  ex- 
periment and  ohcenrstion.  Tbnt  it  is  not  entirely  void,  tbo 
rtazTj  hesTOna  declare ;  but  Ihc  r|ti(Htion  still  remains,  Arc 
the  Stan  themselves  hung  in  vacuo  ?  Are  the  rnet  Trgiona 
lAiefa  surroand  them,  and  acroflti  wliich  tlieir  light  is  pro- 
fa^tod,  alw^utely  empty  ?  A  century  ago  the  answer  to 
this  quettion  vould  have'  been,  *  No,  for  particles  of  light 
are  iaeessantly  shot  through  space.'  Tlio  reply  of  mndern 
Kieoee  is  also  negative,  but  on  different  grounds.  It  has 
the  best  poasible  leaBOM  for  rejecting  the  idea  of  Iimii- 
nifcrous  particlee ;  but,  in  support  of  the  ooncluston  llmt 
the  oeleotial  epaoee  are  occupied  by  matter,  it  is  able  to 
offer  pn>o&  almort  as  cogent  an  those  vbich  can  be  adduced 

>  •  ttrrtxa^lXy  Btrinr,'  roL  iii.  p.  139. 
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for  the  existence  of  an  atmospliere  round  the  earth.  Men'a 
minds,  indeed,  rose  to  a  conception  of  the  celestial  and 
universal  atmosphere  through  the  study  of  the  terrestrial 
and  local  one.  From  the  phenomena  of  sound,  as  dis- 
played in  the  air,  they  ascended  to  the  phenomeoa  of  light, 
as  displayed  in  the  aether ;  which  is  the  name  given  to 
the  interstellar  medium. 

The  notion  of  this  medium  must  not  be  considered  as 
a  vague  or  fanciful  conception  on  the  part  of  scientific 
men.  Of  its  reality  most  of  them  are  as  convinced  as 
they  are  of  the  existence  of  the  sun  and  moon.  The 
lumlniferous  aether  has  definite  mechanical  properties.  It 
is  almost  infinitely  more  attenuated  than  any  known  gas, 
hut  its  properties  are  those  of  a  solid  rather  than  of  a  gas. 
It  resembles  jelly  rather  than  air.  A  body  thus  consti- 
tuted may  have  its  boundaries ;  but,  although  the  aether 
may  not  be  oo-eztensive  with  space,  it  must  at  all  events 
extend  as  far  as  the  most  distant  visible  stars.  In  fact  it 
is  the  vehicle  of  their  light,  and  without  it  they  could 
not  be  seen.  This  aU-per\'ading  substance  takes  up  their 
molecular  tremors,  and  conveys  them  with  inconceivable 
rapidity  to  our  organs  of  vision.  It  is  the  transported 
shiver  of  bodies  countleas  millions  of  miles  distant,  which 
translates  itself  in  human  consciousness  into  the  splendour 
of  the  firmament  at  night. 

If  the  aether  have  a  boundary,  masses  of  ponderable 
matter  might  be  conceived  to  exist  beyond  it,  but  they 
could  emit  no  light.  Beyond  the  aether  dark  suna  might 
bum  ;  there,  under  proper  conditions,  combustion  might 
be  carried  on  ;  fuel  might  consume  unseen,  and  metaU  be 
fused  in  invisible  fires.  A  body,  moreover,  once  heated 
there,  would  continue  for  ever  heated ;  a  sun  or  planet 
once  molten,  would  continue  for  ever  molten.  For,  the 
loss  of  heat  being  simply  the  abstraction  of  molecular 
motion  by  the  aether,  where  this  medium  is  absent  no 
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eooUnt;  could  occur.     A  sentient  being  en  approaching  & 
hmtcd   body  in   tliis  region,  would  be  conecious  of  no 
auginiaitation  of  temperature.     Tito  gradation*  of  warmth 
dependent  oa  the  lairs  of  radiation  would  not  exist,  and  j 
actual  contact  would   first  reveal   the  heat  of  an  extra  1 
aatliereal  aun.  [ 

Imagine  a  poddle-wbeol  placed  in  water  and  caused  to 
rotat«.     From   It,  a«  a  e«otxe,  iruvon  would  issue  in  all 
diteotioDS,  and  a  wader  aa  be  approached  the  place  of 
disturbanoe  would  be  met  by  stionger  and  itjonger  wave*,  j 
Tliis  gradual  augmentation  of  tJie  impreoioa  made  upon  ' 
the  wader**  body  i*  exactly  aoalogoua  to  th«  augmentation 
of  light  when  we  approatOi  a  hmiioous  loiiroe.     In  Uie  on«  ' 
aue,   bow«ver,  the   ooante  common  nerves  of  the  body 
nffice ;  for  the  other  wo  must  have  the  finer  optic  nerre. 
But  euppoeo  tlw  vat«r  withdrawn ;  th«  action  at  a  ilistunoo 
miuld  then  cease,  and,  aa  far  as  the  sensu  of  touch  is  coii- 
cunad,  tJio  wuder  woidd  bo  &nK  rendered  conscious  of  the 
nation  of  the  wheel  by  the  blow  of  the  padillu:^     The 
ttaitfferenoe  of  motion  from  the  paddles  to  the  water  is 
aaeohanically  Bimilar  to  the  trooafercnoo  of  molecular 
miitiaa  &om  the  heuted  body  to  the  aether ;  and  tlic  |ao>  J 
l-ngatifm   of  waves   through   the   liijuid  is  mechanically  ' 
rimilar  to  the  propiigatlon  of  light  and  radiant  heaU 

Aj  br  as  our  knowledge  of  space  extends,  we  are  to 
cMieeive  it  aa   tlio  holdor  of  tlio  luminiferous  aether,  , 
throttgh   which  are   intervpcrMd,  at  enormotu  distanoea  \ 
apart,  tiw  ponderous  niicK-{  of  the  stara.     Associated  with 
tbe  star  that  moeb  coooems  us  we  have  a  group  of  dark 
libiMtaTy  uasBM  revolving  at  various  distances  round  it, 
meb  again  rotating  on  Jt^  own  axis ;  and,  finally,  am(^i 
ciUcd  with  Bomc  of  these  planets  we  hare  dark  bodies  ofl 
taioiif  Bote — the  moons.     Whether  the  other  fixed  stars  | 
bra  dmitar   planetary   c\>iDpanions  or   not   i«   to   us   a 
tMtrt  of  purv  conjecture,  which  maj^  ur  may  i»ot  entei 
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into  our  conception  of  tbe  imiverec.     But  prohal'ljr  «ver 
thougbtfiU  pertun  bvlicri^  wiUi  rcgiird  to  tliose  distoui 
huhb,  that  tfaere  !«,  in  spac«,  wtaeMttiig  braides  am  sjrBtem 
on  wbicti  they  shine. 

Vima  this  general  viev  of  Lbe  preeont  conditioa  of 
spue,  ftDd  of  the  bodies  contained  in  it,  we  pem  t«  thi 
enquiry  whether  things  were  so  cteaUid  nt  the  bc^nning; 
Wu  Kpacv  furnished  at  onoo,  by  tho  fiat  of  Omnipotem 
with  th<»to  burning  orb«?  To  (bis  qiiMtion  the  man  of 
Boienee,  if  hec»nfio«  1)im»olf  wiUiin  bis  own  limiU,  will 
give  no  anflwer.  Il  iniift,  bowev<>r,  t>e  rematkcd  t^t  in 
the  fonnation  of  an  opinion  he  boa  better  materials  to 
guide  him  tban  anybody  else.  Kb  can  dearly  sliow  that 
tho  present  state  of  things  mat/  be  derivative  lie  can 
even  aaaign  reasons  which  render  probable  its  dorirattTi 
origin— 'that  it  was  not  originally  what  it  now  is.  At  a1 
events,  l>o  can  prove  that  out  of  common  non-liimin 
matter  this  whole  pomp  of  star*  might  bare  been  evol 

The  law  of  gravitation  enunciated  by  Newton  iX)  tliat 
every  particle  of  matter  in  the  unirerM  attracts  eveiy 
other  particle  with  a  force  which  dinimsbea  as  the  square 
of  tho  dtstanoc  iDcrras(«.  Thtu  tho  sun  and  the  earth 
inutiutUy  pull  each  other;  thus  tltu  t^rth  and  ttiv  m< 
are  kept  in  company ;  th«  force  which  holds  every 
speotiro  pair  of  masses  together  being  the  integrateil  forci 
of  their  component  parts.  Under  the  opciation  of  this' 
force  a  ftono  falls  to  tho  ground  and  is  wanned  by  tho 
Hhock ;  imdcr  its  operation  meteors  plunge  into  our  atm< 
xphere  and  riite  U>  incandeaonncc  Showers  of  sudi  doubi 
lefts  fall  iocecuantly  ufkin  the  son.  Acted  on  by  tbi 
force,  were  it  stopped  in  its  orbit  to-morrow,  the  earth 
would  rush  towards,  and  finally  combine  with,  the 
Heat  would  also  W  dovclopctl  by  this  collision,  and  Alarurj 
HelmluiltE,  and  ThoinKin  liuvv  cidculatcd  its  amount, 
would   equal  that  )>roduwd  bv  the  ocmbnKtion  of 
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5,000  worlds  of  solid  coal,  all  this  heat  being  gcoe- 
tstetl  At  ttitt  iiutaut  of  collistoD.  In  Uie  attraction  of 
gnnty,  therefore,  acting  upon  non-luminous  matter,  we 
fasre  s  eoorcc  of  livat  more  powerful  than  could  be  derived 
bom  soy  terrestrial  fiomboation.  And  verc  the  matt«r  of 
tbn  tmircTK:  thrown  in  cold  detached  fim^cmente  into  Kp»or, 
nd  tbeM  abandoned  to  tlie  mutual  gravitation  of  iltt  own 
p>rt%  tlie  eoElisioa  of  the  &agmcut«  would  in  the  end  pro- 
dace  the  fires  of  tho  stars. 

The  action  of  gravity  upon  niattKT  origioally  oold  may, 
in  foct,  b«  the  origin  of  oU  light  and  h«it,  and  also  ttie 
proximate  souros  of  aoeh  oUicr  powers  as  are  generatod  by 
light  and  heal.  But  wu  have  now  to  enquire  wlutt  is  tlie 
li|;bt  and  what  is  tlic  beat  thus  produced  P  This  question 
hu  already  been  aocwered  in  a  general  way.  Both  light 
and  beat  are  modes  of  motion.  Two  planets  ctaah  and  come 
ta  vost;  tbcar  motion,  Gon«idered  03  that  of  masses,  ia 
dMtroyed,  but  it  is  really  eontioued  as  a  motion  of  their 
ultimate  particles.  It  is  this  latter  motion,  talccn  up  by 
the  actbor,  and  propagated  through  it  with  a  velocity  of 
186,000  miles  a  seoond,  that  comes  to  lU'  a*  thn  light  and 
beat  of  BUDS  and  rtais.  The  atoms  of  a  hot  Irody  ewioff  j 
with  inc«K«ivablc  rapidity ;  but  this  power  of  vibration 
I  aecesaaiily  implies  the  operation  of  force*  between  tho 
^Hloms  tlwmselvM.  It  reveals  to  us  that  while  tbvy  aru 
^Held  It^ther  by  one  furee,  they  are  kept  asunder  by 
^Intothcr,  their  position  at  any  moment  depending  on  Uio 
■qoiltbrium  of  attraction  and  repukioin.  Tbo  atoms  are 
nrtually  connected  by  elastic  sprinpB,  which  oppose  at 
tlic  same  time  their  approach  and  their  retreat,  but  which 
loktate  the  vibration  called  hcuL  Tlie  molecular  vibration 
mteeaet  up  is  instantly  shared  with  the  aether,  and  diflusvd 
it  tbroogbout  space. 

We  on  the  earth's  surface  live  night  and  day  in  the 
of  aetbercal  commotion.    The  medium  is  never  stilL 
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The  cloiul  ciinopj  above  ns  may  be  (liick  enough  to  shut 
out  the  ti(;bt  of  tbe  ctars ;  but  this  caaopy  h  ltM;lf  a  wann 
body,  irhich   ndiates   its   motion    through    thn   uctlicrfl 
The  earth  also  is  naim,  and  send*  JU  liL<at-piil«(!!<  incc»>^ 
santly  forth.     It  is  the  -kiisU;  of  its  molecular  motion  k 
space  that  chillx  tlto  earth  npon  •  dear  nigfbt ;  it  is  tb« 
n-turn  of  iU  motion  from  tbe  clotids  which  prevent*  thi 
earth's  temperature,  on  a  cloudy  night,  from  falling  ml 
lov.    To  the  conception  of  space  being  filled,  we  muRt 
therefore  add  tbe  conception  of  it«  being  in  a  elate  o£^j 
inoeseant  tiemor.  ^M 

Tbe  sources  of  this  vibration  are  tbe  poodcmbic  moicscs 
of  tbe  univcr«c.     I^t  us  tako  a  sample  of  tboM  and  cx*J 
amine  it  lu  detail.     'VMivn  we  look  to  our  planet,  iro  (iad| 
it  to  be  an  aggre$;ate  of  solids,  liquids,  and  gases.     Wl 
we  look  at  any  one  of  these,  we  generally  find  it  compost 
of  still  more  elementary  parts.    Vie  learn,  for  example^ 
that  tbo  water  of  our  rivers  is  formed  by  tbe  nnian,  in 
definite  proportions,  of  two  gases,  oxyt^en  and  bydiogequj 
We  kuow  how  to  bring  thvse  constituents  tugvther,  so 
to  form  water:  wo  also  know  1h>w  to  analyse  tbe  water, 
and  recover  from  it  its  two  con^titiionts.     So,  likowiiic,  ns 
regards  tbe  solid  proportions  of  tbe  earth.     Our  clialkj 
hills,  for  example,  are  fonncd  by  a  combination  of  carbon, 
oxygen,  and  calcium.     Tltese  are  elemental  the  union  of 
which,  in  definite  proportions,  has  reeultod  in  the  forma-' 
tion  of  chalk.    Tbo  flints  within  the  chalk  we  know  to  bo 
B  compound  of  oxygen  and  silicium,  called  dlica  ;  and  our 
ordinary  clay  is,  for  tbe  most  part,  formed  by  tbe  imion 
of  silicium,  oxygen,  and  the  well-known  light  metal,  nln-J 
minium.     Py  for  tliu  gnuitcr  portion  of  tlte  earth's  cnwt 
is  compounded  of  the  elementary  subttaoces  mentioned  in' 
these  few  lines. 

Tbo  principlo  of  gravitation  has  been  already  described 
Bs  an  attmctioa  which  every  partiete  of  matter,  bowerer 
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■nan,  has  for  ever;  other  paTtiel&  With  grayily  tlwre 
i*  no  wlectioa;  no  pairticular  atoms  choose,  bj  pre* 
faraoce,  other  jnrticdlar  atoau  it*  objvcts  of  uUiacUon ; 
the  attraction  of  gTK>itAttoa  is  pmi>oittomd  to  the  quan- 
tity (if  the  altrading  tnattw,  regardless  of  iU  quality. 
But  in  tltc  molecular  world  which  we  have  now  entered 
mai.tera  :ire  otherwise  arranged.  Here  we  hare  atoms 
hetween  vhich  a  Btronfr  altiactioo  la  exercised,  and  al»a 
between  which  a.  weak  attraction  is  cicrciEed.  One 
•m  can  jostle  uuotlicr  out  of  it«  place,  in  virtue  of  a 
•operior  force  of  attraction.  But,  thou}>h  the  amount  of 
force  exeit4-d  varivit  tlius  from  atom  lo  atom,  it  ia  still 
an  attimction  of  tlie  same  mechanical  quality,  if  I  may 
iisa  the  tenu,  as  lliat  of  gravity  itself.  Its  inteneity  might 
be  neaiaied  in  the  same  way,  namely,  by  the  amount  of 
moUon  vhich  it  can  generate  in  a  cerlain  time.  Thus  the 
attnctJon  of  gravity  at  the  earth's  Horlace  is  expressed 
by  the  number  32 ;  because,  when  acting  fireely  on  a  body 
fas  a  teeond  of  time,  it  imparts  to  the  body  a  velocity  of 
tfairty-two  feet  a  second.  In  like  manner  tlie  mutual 
attiactioQ  of  oxygen  and  hydrogen  might  be  measured 
by  tbe  velocity  imparted  to  tlig  atoms  in  their  ntfliing 
toffatfaer.  Of  course,  such  a  imit  of  time  iit  a  sveoud  is 
not  hero  to  be  thought  of,  the  whole  inter^'al  required  by 
the  atoms  to  croM  the  minute  xpacei  which  KciMiate  them 
not  amounting  probiibly  to  mure  than  an  inconceivably 
mail  fraction  of  a  second. 

It  has  been  itati-d  Uiat  when  a  body  falls  to  the  earth 
it  is  warmed  by  the  shock.  Here  we  have  what  we  may 
call  a  meeJutnuxU  oombiDatton  of  the  earth  and  the  body. 
L^  uri  suffer  Ibti  falling  body  and  tlw  earth  to  diriudlu  in 
imagination  to  the  eize  of  atoms,  and  for  the  attracLion 
■f  gravity  iot  us  substitute  that  of  chemical  affinity;  we 
lara  then  what  it  called  a  tJiamic^d  combination.  The 
tSrttot  tiia  union  in  this  case  also  is  the  dcx-clopment  of 
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heat,  and  ttom  the  amount  of  beat  g«uomt«d  we  nn  iafet 
tlie  intensity  of  the  atomic  pull.  Measitrod  l>f  or^iiiuf 
mcclumicnL  Etaodardii,  this  ie  ononnouii.  Mix  eight  poimdi 
of  oxygon  with  one  of  hydrogen,  and  paM  a  tinuk  through 
tbo  mixture ;  thg  gnsGs  inxtaotly  combine,  ti»eir  atonu 
rufliiiig  over  tbo  littlv  di«tiu)cc«  betwei^  them.  Take  a 
woigfat  of  47,000  poamdt  to  an  i^cvittion  of  1,000  feet 
above  tlie  c«rth's  surface,  and  let  it  fiilt ;  the  eaergy  with 
which  it  will  strike  the  eart)i  will  not  excaed  tJiat  of  the 
eight  pounds  of  oxygon  atoms,  as  tliey  dash  against  ^q« 
pound  of  hydrogen  atoms  to  form  water. 

It  is  e:ometimes  statod  that  gravity  is  distingnii 
from  all  other  forocs  by  tljc  fact  of  it«  resiKting  convorwi 
into  oUier  forma  of  force,  dcmiol  affinity,  it  la  said, 
can  be  converted  into  henl  and  light,  iind  llic»e  again  into 
magnetism  and  electricity :  but  gravity  refuses  to  bo  ao 
convcrtod;  being  a  force  maintaining  itself  under  all 
circumetancics,  and  not  capable  of  disappearing  to  give 
place  to  iiDotticr.  If  by  tlii«  W  meant  tlwt  a  particle  of 
matter  can  never  be  deprived  of  ita  weighty  the  assertion 
IB  correct ;  but  the  law  which  affirmn  the  cxiurortibility 
of  natural  forces  vaa  never  intended,  in  the  minds  uf  tliow 
who  understood  it,  to  affirm  that  snch  a  converuoo  a«  thai 
Jierc  implied  occurs  in  any  case  whatever.  As  regari 
convcriibiiity  into  heat,  gravity  and  chemical  afliui' 
Htand  on  preciwly  the  same  fooling.  The  eUtnu^Um  in 
the  one  case  is  as  indestructible  as  in  the  other.  Nobody 
affirms  tJiat  when  a  stone  re«t«  upon  the  sur&ce  of 
earth,  tlie  mutual  attraction  of  the  earth  and  stone 
aboliahed ;  Qol>ody  means  to  affirm '  that  the  mutual 
attraction  of  oxygen  fur  hydrogen  ceuee,  after  the  atoms 
have  oombined  to  form  water.  What  fs  miiant,  in  the 
cni»  of  chemical  affinity,  is,  that  tlte  pull  of  Uial  affinity, 
acting  through  a  certain  qiaee,  imparts  a  motion  of  triui&> 
lation  of  the  one  atom  tennuds  the  other,    llti^  motion 
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U  not  heat,  nor  is  Ui6  roroe  that  produces  It  best, 
fiut  when  the  atoms  strike  and  recoil,  the  motion 
of  tnuulation  is  converted  into  a  motion  of  ribntJon, 
vhlcb  i»  heat.  The  nbration,  however,  so  far  fhim 
eaaaoj;  the  extinotieD  of  the  origioul  attntction,  is  in 
part  earriod  on  1>;  Utnt  aLtiavtion.  Tlw  atoms  rocoil,  in 
Tirluc  of  tJie  elastic  furoe  which  oppoMa  actual  contact, 
and  in  t4ie  reooU  tltey  are  driven  too  far  baok.  The 
original  attraction  then  triomphs  over  the  force  of  reooU, 
and  MTgieB  the  atoms  onoe  more  together.  Tbxa,  like  a 
peodulom,  tiiej  osciUate,  until  their  motion  ia  imparted 
to  the  enTrounding  nether ;  or,  in  other  words,  until  their 
beat  bccMDM  rotUaiit  beat. 

In  this  eeoM,  and  in  this  sense  only,  is  chemical 
affinity  amrcrtcd  into  heat.  There  is,  6rst  of  all,  the 
altritvlion  belwi^vn  tiio  atoms;  there  is,  aeoondly,  epaet 
brtwc^tn  tbein.  AcrcKiH  tht*  spncc  the  attraction  urges 
llxim.  ITiey  collide,  they  recoil,  they  oscillate.  There 
i^  hiUQ  a  change  in  the  form  of  the  motion,  iHit  there  is 
no  real  Ices.  It  is  so  with  the  attraclion  of  granty.  To 
produce  motion  by  grarity  space  must  also  intervene 
b«tlRen  tbo  attracting  bodies  ;  when  they  strike  tof^cther 
tjon  is  apparently  destroyed,  but  in  reality  there  is  no 
ion.  Their  atoms  are  suddenly  urged  togetlwr 
the  ^lock  ;  !)y  their  own  perfect  cbuticity  these  ntomx 
1 ;  and  thtu  is  set  up  the  molecidar  oscillation  which 
KDitDoea  itself  to  the  nerves  aa  heat. 

It  was  formerly  universally  snpptMod  that  by  the  coUi- 

of  mielastic  bodies  force  was  destroyed.    Men  saw, 

coample,  that  when  two  spheres  of  clay,  painter's' 

tty,  or  Itn^l,  were  urged  tojgothcr,  the  motion  posrasaod 

iho  massn,  prior  to  impact,  was  more  or  leas  anni- 

hilatfd.     Tltey  belioved  in  an  abmlule  dettruclion  of  the 

■  of  impacL     Until  recent  time*,  indeed,  no  difficiUty 

esparieRood  in  believing  Uiis,  whereas,  at   present, 
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the  idcu  of  force  and  ite  destruction  rcfuK  to  Iw  tmllt:^  ' 
in  most  pliiloKopIiic  mindit.     In  the  calliaioti  of  dulio' 
bodies,  on  Uie  eontrnrj,  it  was  ol»en'ed  timt  tbe  motion 
witli  which  the;  dashed  together  vas  io  gnat  part  re-  ^J 
gtored  1>7  the  reeilimcy  of  the  masses,  tJio  more  perfcct^^| 
the  dastfoity  the  more  complete  being  the  restittttion. 
This  led  to  the  idea  of  perfectly  elastic  bodies — bodies 
competent  to  restore  by  tkoir  rncoil   tbo  whole  of  the 
motion  which  they  poaseand  Ijcfom  impAcL 

Hence  aroM  tlio  Idea  of  the  eonservation  of  forces  u  \ 
oppoMd  to  that  destrtictton  of  force  which  was  auppoitA^ 
to  occur  when  unelastio  bodies  met  in  ocdlislon. 

We  DOW  know  that  the  principle  of  eonsen'ation  tuldt^ 
cqu&Uy  good  with  elastic  and  imelastic  liodtea.    Perfectly 
elaxtio  bodies  develop  no  heat  on  ooUision.     Tboy  retAio 
iheir  motion  aflcrwrajils,  thotigh    it«  direction    may  bo 
clianged ;  and  it  ts  only  when  senuble  motion  ts  wholly 
or  partly  destroyed,  that  beat  is  generated.     This  alway»] 
occurs  in  unelastio  oollisi<»i,  the  beat  developed  lieing  iho\ 
exact  equivalont  of  the  sensible  motion  extinguished.  | 
This  heat  virtually  declare*  that  the  property  of  elasticity,  j 
denied  to  the  masses,  exists  among;  their  atomit;  and  by] 
the  recoil  and  oseillation  of  tlii^ae  tlte  principle  of  consor- 1 
ration  is  vindicated. 

But  ambiguity  in  the  uie  of  the  term  '  fore*) '  lias 
'twen  (or  Mmo  time  more  and  more  making  itself  felt. 
Wo  called  the  attraction  of  gravity  a  force,  witlioiui  aoj 
refcnmcc  to  motion.  A  Uidy  rerting  on  a  slielf  is  as' 
much  pidled  by  gravity  as  when,  after  having  been  pushed 
off  the  shelf,  it  ^lls  towards  the  oattfa.  We  applied  tho'l 
term  foreo  also  to  that  molcctilar  attraction  wliii^h  we 
called  churaical  affinity.  When,  however,  we  spoke  uf 
the  conservation  of  foixw,  in  the  cose  of  clastjo  colUstoo, 
w«  meant  noither  a  pull  nor  a  push,  which,  as  just  in- 
dicated, might  be  L-xerted    upon    ini^t  umlter,  bnl  wo  i 
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SHni  the  moving  /oree,  if  I  may  use  the  tenn,  or  tbv 
ouUidiog  nuueee. 

What  I  have  collod  movitif;  furoc  baa  a  definite  m^ 
ciauical  ueasuru,  in  tlie  umotiDt  of  work  that  it  can 
perfiina.  Tho  dimpled  form  of  work  U  lh«  rainog  of  a 
wci^lit.  A  miin  w^ilkiiig  up-liiU,  i>r  up-Ktain,  wHIi  a 
pound  woiglit  in  liis  Itaud,  to  aa  elevation  say  of  aixU-en 
(oKt,  perfonns  a  certain  amount  of  work,  orer  and  above 
tltn  UfUog  of  bia  own  body.  If  he  aeccod  to  a  height  of 
tliiity-lwo  feet,  he  does  twice  the  work ;  if  to  a  hei{:;ht  of 
ftirty-eigbt  feet,  be  dvM  thr«e  tiin^t  the  work ;  tf  bo 
tud]Mbor  feft  bo  doc*  four  tiirK^R  Un>  work,  aud  so  on. 
If,  moreoTcr,  be  carries  up  two  pounds  instead  of  one, 
otbct  thinj;))  being  equal,  be  does  twice  the  work;  if 
Uiff«,  four,  or  five  pounds,  be  does  three,  four,  or  five 
timcM  the  work.  Id  fact  it  is  plain  that  the  work  pcr- 
rotino)!  dii[)ends  on  two  factors,  tho  weight  laisod  aud  tho 
hnigtit  to  which  it  is  raisttd.  It  is  uxjiressed  1>y  (he  pro- 
duct of  these  two  fiicton;. 

But  a  body  may  hv  caiixd  to  reach  a  certain  elevation 
in  opposition  tot  be  forcK  urgnivity,wiMK>iit  being  actuaHy 
carried  tip  to  lliat  eIe\~alion.     If  a  hodman,  for  ^xampltr, 
wiihetl  to  land   a  brick  at  an  elevation  of  sixtvfn  feet 
abnvv  the  place  where  he  stood,  be  woidd  probably  pitch 
it  np  (o  the  hricklayi?.     He  would   thus  impart,  by  a 
nul>^:&  dTort^  a  velocity  to  the  brick  sufficient  to  raiw  it 
bi  t])a  rM)uired  height;  tlte  work  acoomplisbed  by  that 
nfliirl  bfing  preeiwly  tjie  same  as  if  he  had  slowly  carried , 
up  the  brick.     Tlic  initial  velocity  lo  be  imparted,  in  this  ! 
raw,  ia  well  known.     To  reach  a  height  of  tixtevn  feet. 
*'      '■    '  \:  must  quit  the  man's  Iiand  wiUt  a  vtilodty  of  j 
1  I  Tent  a  second.     It  is  needless  to  say,  that  a' 

liody  ftort-ing  with  any  velocity,  would,  if  wholly  unop- 
]>i)we<l  irr  nuaidiit,  continue  to  move  /xr  ever  with  the 
same  vcli>citv.     But  wbrii,  nc  in  Uie  na«e  iiefore  us,  the 
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body  b  thrown  upwards,  it  moves  in  oppositioo  to  j^ravit;, 
wbiob  inoessantly  retards  its  motion,  and  finally  brings  it 
to  rest  at  an  rlcvatiun  of  siit««n  feet.  If  not  berc  (nii;;lit 
by  t)ic  bncklaycr,  it  would  retuni  to  tlio  faodnuui  with  an 
ncovlcntud  motion,  and  reach  lii*  liaod  with  the  prMiitc 
velocity  it  pOBSeesc-d  on  (quitting  it. 

Supposing  tbi;  man  competent  to  impart  to  tlio  brick, 
at  starting,  u  rpveA  of  sisty-four  feet  a  second,  or  tvri 
it«  foroiftr  8p«c<l,  would  tiiu  amount  of  work  performed  in 
this  vfTort  be  only  twice  what  it  was  in  tbu  fint  inslanm  ? 
No;  it  would'  bo  four  times  that  quantity.  A  body 
starting  with  twice  the-  velocity  of  another,  will  rise  to 
four  times  tho  height;  in  like  manner,  a  ttiree-fold 
velocity  will  give  a  nine-fold  elevation,  a  four-fold  velocity 
will  give  a  nxtccn-fold  elevation,  and  so  on.  The  bei^t 
attained,  tlMSi,  or  tho  wxrk  done,  is  not  proportional 
to  the  M'Wity,  but  to  Uio  sguaiv  of  the  velocity.  As 
bafoFC,  the  woric  ii  alio  proportional  to  the  wcigbt 
jerated.  Hcnc«  the  work  wliieli  any  moving  man 
rhatever  is  competent  to  perform,  by  the  motion  wiiidi 
it  at  any  moment  posseMea,  is  jointly  proportional  to 
its  weight  and  the  square  of  it«  velocity.  Here,  then, 
we  have  a  second  measure  of  work,  in  which  we  simply 
translate  the  idea  of  height  into  its  equi^'alont  idea  of 
motion. 

In  mechanics,  tlie  product  of  tike  mass  of  a  movio] 
body  into  the  square  of  its  veloci^,  expreeeee  what  t 
called  the  vis  riVo,  or  living  force.     It  is  also  sometimes 
ealled  the  *  mechanical  effect.'     If,  for  example,  a  can 
pointed  to  the  zenith  urge  a  bull  npwanlx  with  twioo  tfai 
velocity  imparted  to  a  mcond  ball,  tJtc  former  will  rise 
ibur  times  the  height  attuined  by  the  latter.     If  direct 

linst  a  target,  it  will  alM  do  fotir  times  tlto  esccu 
tion.  Ifence  the  importance  uf  imparting  a  high  velucit' 
to  projectile*  in  war.     Having  tliiu  elewed  our  way  to 


"j 
i 


of 

I 


THB  COKSnXUTIO.V  OF  NATURE. 


IS 


p«rfM:ll;  definile  conceptioa  of  the  w  mva  of  moviiiff 
muws,  we  am  prcpctred  for  tbo  aimotinci^mttnt  that  U>o 
Imt  groentfd  lij  Uie  shock  of  a  falling  bodjr  agaiiut  the 
Muth  U  prDportioQul  to  the  vU  viva  aiiDibilaUd.  In 
paint  of  &ct,  it  ia  not  an  anQihilation  at  all,  but  a  brans- 
fi-rpncc  of  vi«  viva  from  the  mass  to  its  ulUDUtt«  purtick^ , 
Tlii*,  u  vo  DOW  leani,  ia  propoitional  to  the  Eiiiiuro  of ' 
tins  Telocity.  In  tho  caae,  therefore,  of  tvo  cannon-balls 
of  eqiinl  voi^ht.  if  one  strike  a  target  with  twioe  the 
telocit;  of  th«  other,  it  will  generate  four  tinM»  the  beat ; 
if  with  threa  time*  the  vdooity,  it  will  generate  nino  times 
tJw  licat,  and  m  od. 

Mr.  Jouli:  baa  slwwn  that  in  falling  from  a  height  of 
772  feet,  a  body  wilt  generate  an  amotmt  of  bent  sufficieat 
to  roiw  iU  »ni  weight  of  water  one  degree  FahrenheiCi 
in  trmperature.  We  have  here  thcmfchanMoi  ejuivaUni' 
of  hMt.  Now,  a  body  fiUIing  from  a  lieight  of  772  feet, 
hu,  upon  striking  the  earth,  a  vclonity  of  223  feet  a 
■econd  ;  and  if  this  vclocily  were  imparted  to  a  body,  by 
any  other  means,  the  quantity  of  heat  generated  by  the 
>  of  its  motion  wotiUI  be  that  stated  above.  Six 
tlwt  velocity,  or  1  ,S3fi  feet,  would  not  be  an  in- 
ato  one  for  a  auinou>l>aU  as  it  quits  the  gun.  Jlmcc, 
I  flanuon-bull  moving  with  a  velocity  of  1,338  feet  a  second, 
rould,  by  collision,  generate  an  anioimt  of  beat  competent 
raiw  its  ovm  weight  of  water  36  dcgiceti  Fabreuheit  in 
temperature.  If  composed  of  iron,  and  if  all  the  heat 
were  concentrated  in  the  ball  itself.  He  tempo- 
tum  would  l»e  raised  about  360  degrees  Fahrenheit; 
becattu  one  degree  in  the  case  of  water  ia  equivalent 

lut  ten  degrees  in  Uk*  caae  of  iron.     In  artillery  prac-^ 
jotr,  the  best  generatunl  is  usually  concentrated  upon  tbo 
front  of  the  bolt,  and  on  tlio  p<irtion  of  the  target  first 
•knusk.     '"     ■ '       oonocntration  the  heat  developed  bo- 
eomea  s'.  >  iulcDse  to  raise  the  dust  of  the  metal 
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to  incfttidiataence,  a  Rush  of   light   oflea   aticompaiiyinjr 
collisi<>a  with  the  target. 

Let  tia  nan  fix  our  sttontiou  for  a  moment  oo  tbe 
gtinpowder  nhich  nrgvn  bbc  Oiinnon-iioll.  This  is  com- 
po9od  of  oomlnulilile  iiinlt«r,  which  if  burot  in  ibo  open 
nir  wtHild  jiiilci  a  certain  amount  of  beat.  It  wit!  not 
yield  tliis  amooat  if  it  perTonn  the  work  of  ar^ng  a 
halL  Tho  heat  tJien  gonenttod  b;  the  gunpowder  will 
£U1  short  of  that  produoi-<l  in  the  op^n  air,  by  an  amount 
oquiralent  to  th«  vta  viva  of  the  hall ;  and  this  exact 
amount  i»  restored  hy  Ufa  Wl  on  it<  oolliMion  with  the 
target.  In  tiiia  perfect  wav  are  heat  and  mechanical 
motion  conmwled, 

Brondlj-  enunciated,  the  principle  of  the  coiueivatioa 
of  force  asserta,  tliat  tlie  quantity  of  force  in  the  uni 
VKne  19  as  unalterable  as  the  quantity  of  matlf^r ;  thai 
it  ja  alike  impossiUo  to  csroalo  forco  and  to  annihilate  it. 
But  in  what  tcnxn  arc  wc  bo  understand  this  assertion 
It  would  ho  tniinifwtly  inappli<-al>l<;  to  the  force  of  gravity 
as  defined  by  Newton  ;  tor  lliis  i*  a  force  ^Tirying  ioi'or«ily 
as  the  square  of  the  distance;  and  to  affirm   the  eon 
(itancy  of  a   varying   force  would   be  solf-^onlnulielory. 
Yvt,  wli«n  the  question  is  properly  understood,  gravity 
forms  no  exception  to  the  law  of  oanaervation.    Follow-; 
ing  the  mcihod  pumucd  by  Hulmholts,  I  will  here 
tempt  an  tlcmeulary  exposition   of  this    law.     1'hougi 
destined    la    its    applications    to    produce    momentous 
changi'v  in  human  thought,  it  is  not  difGoult  of  compre- 
hvAsioQ. 

For  the  sake  of  simplicity  we  will  oonjiider  •  ))«riicl< 
of  matter,  which  we  may  call  r,  to  be  perfectly  fiiccd. 
and  a  eeoond  mo^-^able  particle,  b,  placed  at  a  distanci 
from  F.     Wo  will  iiMtune  that  there  two  peuticles  at 
each  other  according  to  the  Newtonian  law.     At  a  certaiu 
distance,  tlie  attraction  h  of  a  c<^rlaiii  dvGnite  •mount 
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vlticli  miglit  bo  <l«b>nntn4.Hl  by  nteinii  of  ft  f^iriii;;  hotance. 
At  half  tliia  distance  the  ntliaotion  would  be  ati^tnentcd 
r>  ' ;  st  B  third  of  tin*  dittunci'^  nino  tiniefi;  at 

'iL  :<  of  the  dfgtanoe,  fiixU^cu  timits  aod  so  on.    In 

pTciy  case,  tho  attnictioD  tniglit  bo  mconinHl  hy  deier- 
ninim;,  witli  Uic  xpring  biilonoc,  llic  umotint  of  tcDsioD 
joEt  BiifBcicnt  to  prevent  b  from  moving  IowhixIm  v. 
Thi»  (ar  wu  Iiavc  nothing  wiiateTer  to  do  witli  motion ; 
««>  flcil  with  Ktaticx,  not  witli  dynamics.  Wa  simply 
bk«  iiitn  itcoount  tlve  distance  of  d  &om  r,  and  the  pull 
exerted  by  gravity  tit  that  digtanoc. 

tt  U  customary  in  mecbunics  to  represent  the  mngni- 
tode  of  a  forc«  by  a  Mao  of  a  wrtaiii  lengtJi,  a  forco  of 
doable  magnitude  Wiag  rvprejteiitiHl  by  a  line  of  dmible 
length,  anJ  to  ou.  Placing  tlion  the  particle  i>  at  n  dio- 
tance  from  r,  we  can,  ia  iroaginntioQ,  draw  a  »tnught 
line  from  n  to  p,  and  at  d  erect  a  perpendicular  to  tbis 
IJoe,  which  fliiall  reprewnt  Ibe  amount  of  the  attntctioo 
er  '  '  ti  n.  If  n  be  at  a  very  great  di^ance  from  r,  Uie 
a;  Mill  be  very  small,  and  the  perpendicular  eome- 
(jnvnUy  very  sborL  if  the  distasoe  be  practically  infinite, 
1 1  !  ion  i»  practically  nlL  I-et  us  now  «uppo«v  at  c\ery 
].  .  I  iie  line  joining  r  and  n  a  perpendicular  to  be 
rrwted,  proportional  in  length  to  the  attraction  exerted 
at  that  point;  we  thus  obtain  an  infinito  ntimher  of 
perpeodiculars,  of  gradually  increasing  length,  tut  v  »p- 
pmacbea  r.  Uniting  the  end»  of  all  thotte  ])erp(>n(1iculara, 
we  iiUain  a  cun-e,aft(]  betircon  Ihijf  cur\'«  and  the  ittraight 
line  jiiioing  r  and  i>  wo  have  an  area  containing  all  the 
perpuKliculan  placed  flide  by  Kide.  Each  one  of  this 
r  '  Hi*  of  perpendicular?  reprcwnting  an  attraction, 
(jt  .-_..  .  .1,  aa  it  ia  sometiincH  called,  the  area  jiikt  rcfcrrwl 
to  reprwMta  tho  total  effort  capable  of  licing  exerted  by 
ip?n  (he  particle  p,  during  it^  parage  from 
,,-  „,-■  ,. tiu  to  r. 
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Up  to  tb«  preeeot  point  we  have  been  dealing  with 
tensloDfi,  not  vith  motion.    Thus  fer  vu  viva  biut  bcea 
imtirely  foreign  to  our  cant^mplation  of  u  and  r.     Let  m 
now  BUpjMse  ]>  placud  at  a  practicdlj  infiniLc  dixtaiue 
from   r ;  heri>,  as  Ktutijtt,  tho  pull  of  gravity  would  be 
notliing,   and  Uw    porpKodicuUr    rei>reseiiting   it  would 
dwiodltt  to  ft  point.     In  this  position   Ute   sum  of  the 
IctiMoiu  capable  of  being  «xert«d  on  t>  woidd  be  a  masi- 
mum.     Let  n  now  begin  to  move  lu  obedience  to  the  at 
traction  exerted  upon  it.     Motion  being  once  set  up, 
idc-a  of  vi»  viva  ariocs.     In  moving  towards  r  tlio  paxtie 
D  eoniomna  as  it  wore,  tho  (eosionB.     Let  us  fix  oar  ab 
tention  on  »,  at  any  point  of  the  path  over  which  it  ii 
moving.     Bctwotrn  tJuit  point  and  p  there  is  n  quantity  of 
onusod   toiiHionii ;   beyond  thut  point  tho  tcnaioQE  have 
\ix-cn  nil  consumed,  but  wo  luivc  in  tlieir  place  an  diuivai^l 
K'Ut  ijiiontity  of  it's  viva,    Afler  n  lia«  pawed  any  jxiint^l 
the  tension  previoualy  in  store  at  that  point  disappear^ 
but  not  without  having  added,  during  the  infinitely  small 
duTBtion  of  itii  action,  n  duo  amonnt  of  motion  to  tbat_ 
previously  posMMcd  by  D.    Tbc  nearer  d  approaches  to 
the  smalleT  l*  the  cum  of  the  tension*  reniaitiing,  but  Ibl 
greater  is  the  living  force ;  the  &Ttl>oT  d  Li  from  f,  thel 
greater  is  the  ium  of  tho  unconsumed  tensions,  and  the 
lees  is  the  living  force.    Xow  the  principal  of  oonscn-ation 
affinnii  not  the  conitaoo)'  of  the  value  of  the  t«nfiioQs  of 
gravity,  nor  yet  the  oonstaney  of  the  vis  viva,  taken 
Repatately,  but  the  absolute  constaney  of  (he  \-nlnc  of  the 
sum  of  both.     At  tho  beginning  the  via  viva  was.  xero^y 
and  tho  tcncion  area  wits  a  maximum ;  close  to  f  the  vit^^ 
viva  is  a  maxiniuni,  while  tho  tension  area  is  zero.     At 
every  other  point,  ihe  work-piodueing  power  of  thf  piutic 
D  oonsists  in  port  of  vi«  viva,  and  in  part  of  tensions. 

If  gravitr,  inKU-:id  of  Wing  attraction,  were  repidsioB 
tl»cn,  with  I  !u-  ji^iTticIi-^  in  cootAeti  the  sum  of  tlia  tensic 
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betvaen  o  and  r  would  bo  a  moxiinum,  and  (J>c  vi9  vi»a ' 
ten.    If,  to  obedience  to  the  repulsion,  d  movt^d  umty 
from  r,  fis  viva  would  be  geaerHted ;  and  the  fartber  » 
retiuvUKl  from  r  lbs  gnat«r  would  be  ito  ritt  viva,  and  i 
Uw  U>tt  tite  amount  of  tension  Htill  arailablu  for  producii^  ] 
CDoUon.      Taking  repalxioa   as  wvll   ns  nttnclion   into 
aeootiat,  the  principle  of  tlie  conwrvatioa  of  foroc  affirms 
that  the  medtanical  value  of  the  Untiojui  and  virta  viva 
of  the  material  universe,  90  far  as  we  know  it,  taaeonttant . 
qnantitf.     The  universe,  in  short,  poeseses  two  kinds  of ' 
propertT  which  are  mutually  convertible  at  an  unvarying 
rate.     I'ho  rlitninution  of  either  carries  with  it  tbo  en- 
luuHSftDfiiit  of  Uie  otUor,  the  totul  value  of  the  property 
renuuiiing  unchanged. 

The  considerations  here  applied  to  gravity  apply 
equally  to  diemical  affinity.  lu  a  miiture  of  oxygon  and 
bTdrogen  tltt  atoms  esiat  apart,  but  by  the  application  of 
proper  means  they  may  tie  caused  to  rush  together  acroM , 
the  space  that  scpamtcs  them.  Wliilu  tbis  (pace  oxivt*,' 
and  as  long  as  tlio  atoms  bare  not  begun  to  move  towards 
eaeti  other,  we  liave  Urnxions  and  nothing  else.  During 
their  motion  tomrds  each  other  the  tensions,  u£  in  the 
Gsae  of  gravity,  are  ooarerted  into  vis  vivo.  After  they 
clash  we  have  still  ins  viva,  but  in  another  form.  It  was 
tninslatioD,  it  t«  vibration.  It  teas  moIocuUr  tnwKfer,  it 
ia  beat. 

It  is  pmaible  lo  revene  these  processes,  to  unlock  the 
cmlimce  of  the  atoms  and  replace  them  in  their  first 
|io«itioDa.  But,  to  accomplish  this,  as  much  beat  would  be 
nnpiireil  as  was  generated  by  their  union.  Such  rovonuils 
occur  daily  and  hourly  in  nature.  By  tlie  solar  waves,  the 
laxyi^n  of  water  is  divorced  from  its  hydrogen  in  the 
Isvoa  of  plants.  As  molecular  vis  viva  the  waves  dis- 
appear, Ijiit  in  BO  doisf;  tbcy  rc^ndow  the  atoms  of  oxygen 
ud  hyiirogen  witli  teusion.    II10  atoms  are  thus  rnobled  | 
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to  Tecotohiue,  and'  wben   the;  do  so  tliey  reiUrm   the ' 
precise  amount   of  beat  <!onjMinied  in  tlu^ir  separation. 
Tbe  mme  lynmika  appi;  to  the  compound  of  carbon  and^ 
oxyi-cD,  cnllrd  carbonic  aoiti,  which  IB  exhaled  from  our] 
biiigM,  produced  by  oitr  fires,  nod  found  sporinj^ly  diffused  I 
t!Vorywbi!i«  tbroiigliout  tbo  iiir.     In  the  1wlvc«  of  plant^J 
the  f!unb«am!i  aliio  wrench   tli«  atonu  of  oarltonic  acid 
asunder,  and  sacrilioe  tbemiielves  in  the  act ;  but  wb«ii 
tb«  plants  are  burnt^  the  amount  of  beat  consumed 
tlieir  production  is  n.'^torvd. 

TbiH,  tliun,  w  tlic  itiytbmic  pbiy  of  Xiituru  lu  n-j^ards  ^j 
Ikt  IbrcRA.    Tlirougboiit  aU  bcr  ivgioDS  sba  oscilhitua  from^J 
ti>ni^to«  to  t>i«  viva,  from  vt«  v««  to  itawiun.     We  have  ^^ 
till'  aanie  play  in  the  planetai^  Rji<t«in.     The  earth's  orbit 
is  an  ellipse,  ono  of  the  fod  of  wbicJt  i«  occupied  hj  tlm 
8un.     Tuin^Do  the  cartli  at  the  moot  distant  part  of  tlxt^^ 
orbit.     Ilcr  motion,  and  con.4ni[tic-nUyherm  viva,  is  Ihnnm 
n  minimum.     I'he  planet  rounds  the  curve,  and  bej^s  ita 
api)roach  to  the  sun.     In  front  it  has  a  store  of  teneions,^| 
wbicb  is  gtaduaUf  cousiimcd,  an  miiiivsk-nt  amount  of^^ 
vis  viva  bcin^  gencmt^d.     Whvn  uenrtMt  to  tiie  cun  the 
motion,  aud  ivuHcipu-iitly  the  t-M  viva,  rcocfa  amaximom.^H 
itot  hoTU  Ibu  avuilabli?  tuusions  have  boen  used  up.     Tha^^ 
earth  numds  this  portion  of  the  curve  and  retreats  &om 
the  sun.     Tensious  are  now  stored  up,  but  vi«  viva 
lost,  to  bo  a^in  rntorod  at  the  expense  of  the  com[de 
moular^  force  on  tho  opposite  side  of  Uio  curve.     Xbu 
beats  the  littart  of  tlie  univi^nwi,  1)ut  wiUioul  intn'siM; 
iiminuUun  of  ita  total  stuck  of  force. 

I  have  thua  far  tried  to  steer  clear  amid  confiision,  by 
filing  the  mind  of  tho   n-ador  npon  things  isthor  thaaj 
upon  names.     But  good  names  uro  essential;  and  borci' 
as  yet,  wv  are  not  pravidt^d  with  such.     \V*t  bavc  bad  tha 
forvc  uf  gravity  and  living   force — ^two  ultc-rly  ditlinct 
Ihiuga.     We  have  bad  pulls  and  bensioos ;  and  wo  might 
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IsTs  bail  Oic  force  of  Iicot,  th«  force  of  light,  Um  fiirvc  of 
mgnotisia,  or  th«  force  of  eleetridty — all  of  wliich  Utios 
hare  be«i  omplojcd  mora  or  lees  loosely  I)y  written  on 
phyiioB.  ThU  L-onfttiiion  i»  linppUy  avoided  by  tlie  intr»- 
dactifni  of  th«  temt  *  vavrgy,'  which  omhraces  Wtli  tension 
H>d  vi«  viwi.  Ener^-  ii  ponewied  by  bodies  nlrcndy  in 
iBodon  ;  it  is  thou  actual,  and  ire  agree  in  call  [t  aetuc^ 
a  dynamic  energy.  It  is  ottr  old  vis  vivo.  On  Uto 
other  band,  pitcri^  is  possiklo  to  bodies  not  in  motion, 
but  wbivh,  in  virtue  of  attmotioii  or  nrpulaioD,  posses  a 
power  of  mulion  wlticJi  would  rva}i«c  ititclf  if  all  hindmnccs 
»-  ■ved.     ljOt>kiDg,  for  example,  at  gravity ;  a  body 

(<^  :tir*  Hiirface  in  a  position  from  wliioh   it  cannot 

Ul  tn  n  lower  one  poweaBes  no  enerRj.  It  has  neither 
motion  nor  power  of  motion.  But  the  mmi;  body  siia- 
pendod  at  a  Lcigbt  abow  tho  cartli  has  a  power  of  miytton, 
thoBgli  it  may  not  liave  exercinod  it.  Energy  is  pocfiblo 
to  nicti  a  Iiody,  and  we  agree  to  call  thia  potmHal  vnarffy. 
ft  consisu  of  our  old  tension?.  Wc,  moreover,  speak  of 
tb«  conservation  of  i-nergy,  instead  of  the  conscn'ation  of 
foroft ;  and  say  that  the  snm  of  the  potential  and  dynamic 
caier)^e6  of  tlic  mntorial  uuiversc  is  a  constant  quantity. 

A  body  cast  upwanU  conmrnes  the  actual  energy  of 
projection,  and  lays  op  potential  energy.  When  it  renehea 
iu  utmvML  height  all  its  actual  cnc^rgy  is  consumed,  ita 
potential  oiHirgj  being  then  a  nuuumum.  When  it 
returns,  tbcro  is  a  rvoonvi^r'ion  of  the  potential  into  the 
aebnl.  A  penduliun  at  (ho  limit  of  lU  swing  po«»ea«e« 
potmitikl  onergy ;  at  the  lowest  putnt  of  ilfi  arc  iU  energy 
is  all  aetuaL  A  patdi  of  mow  reatinff  on  a  mountain 
iliipK  has  potential  energy ;  loosened,  and  ehooting  down 
■s  an  avalanche,  it  poaaeeses  dynamic  energy.  Tlie  pino- 
tivM  growing  on  llie  Al[)«  havo  potential  energy ;  but 
nitliing  down  the  Bohrinne  of  Uie  wmxlcuttfrs  thoy 
powew  actual  energy.     The  aame  i&  true  of  the  mountAina 
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tfaeniselveg.     As  long  us  the  TOckB  wliicb  oampotto  tbcm 
vma  foil  Lo  n  lower  levd,  tiiny  paa»e«*  potential  energy, 
whieti    IK  converted  into   actual  when  the  frost  ruptum 
their  colieaiun   and  baitds  tb«m  OY«r  to  the  aotion   of 
gravity.     The  hammer  of  (he  great  betl  of  Weetminster, 
when   mUed  before  Htriking',  possessee  potential  energy ; 
when  it  fidb,  the  co«rgy  becomes  dynamic ;  and  after  the 
stroke,  ve  have  ibe  rliythmic  play  of  potontiul  asd  dynamic 
in  the  vibnitioos  of  the  bull.     The  sum«  Itolds  good  for 
the  molceulnr  OAeilliitiona  of  a  healed  body.     An  atom  is 
driv4.>n  ikgaini't  itA  neighbour,  and  reooila.    The  ultimata     „ 
unplilude  of  the  recoil  being  attained,  tbe  motion  of  the^| 
atom  in  that  direction  i»  checked,  and  for  an  instant  it^^ 
cnvrgy   is  all    potential.     It  it  then  drawn  towards   ita 
neighbour  with   accelerated  Bpecd;   thus,  bj  attractioc 
converting  its  potential  into  dynamic  energy.     Its  motion'^ 
in  tliiM  din«liun  i»  hIm  linally  checked,  aiul  again,  for  an 
iiutant,  its  energy  is  all  potential.     It  once  more  retreat*, 
oonrerting,  by  repuldon,  ita  potential  into  dynamic  energy, 
till  the  latter  attains  a  manmiun,  after  which  it  ia  again 
changed  into  potential  energy.    Thus,  what  is  true  of  the 
c«ith.  as  she  swings   to  uhI  fro  in  her  yearly  Joamey 
round  the  sun,  is  aim  true  of  her  miuut««t  atom.     Wo 
have  wheels  within  wheels,  and  rhythm  witliin  rhythm. 

When  a  body  is  heated,  a  change  of  molecular 
nkcat  always  occurs,  and  to  produce  this  change  beat 
oonsimicd.     Honcc,  a  portion  only  of  the  liMit  oommuui- 
oated  U>  the  body  Tcmains  u  dynamic  energy.    Looking 
bock  oo  soma  of  the  statcmcDts  made  at  tlie  beginning  of 
tltis  article,  now  Uiut  our  knowledge  is  more  oxtonstro,  we 
see  the  neceosity  of  qualiTylDg  tbem.     When,  for  fXumjJr 
two  bodies  clash,  heat  is  generated ;  but  the  beat,  or  moL 
oular  dynamic  energy,  developed  at  the  moment  of  ooL 
sion,  is  not  the  i^iiiivaleiit  of  llie  niisililc  djmamic  enerj 
destroyed.      Tlio  true  equivalent  is  tbis  beat,  plus 
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pottntial  energy  oonforred   upon   tbo   molecules  by  Um  , 
pbuiiog  of  greater  difUnccR  bcivwa  ihcm.    This  mol&<' 
ouIat  potential  eaeigy  i»  afterwards,  on  tbe  cooting  of  the 
body,  coQTrTtcd  into  heat. 

Wherever  two  itomx  capable  of  uniting  togetber  by 
tlidr  muUial  attractions  exist  He{iaraU>Jy,  tbi^  form  a 
■tore  of  potential  eaer^.  Thus  our  wooili,  forest*,  and 
e(M]-6elda  on  the  one  hand,  aud  oiir  utmospheric  oxygen  ' 
OD  Ibe  other,  constitute  a  vaet  etore  of  energy  of  this  kind 
— ^vsst,  but  far  from  infinite.  Wo  bavo,  besides  our  coal- 
fields, metallic-bodies  more  or  k-se  sparsely  distributed 
through  Lh«  earth'i  crust,  lliaw  bodies  can  be  ozydised ; 
and  bence  tltey  are,  so  &r  as  they  go,  erteres  of  potential 
oiergy.  But  the  attractions  of  tbe  great  mosi  of  the 
(■ith'x  crust  are  already  fstisSed,  and  from  thorn  no  fur- 
ther esergy  can  possibly  be  obtained.  .'\gc8  ago  the  ele> 
mcntary  coostitueot*  of  our  rocks  clashed  together  and 
produced  the  motion  of  be.it,  wlitch  was  taken  up  by  the 
aellier  and  carri^  away  through  stellar  space.  It  is  lost 
for  ercr  ae  far  as  we  are  concerned.  In  those  ages  the  hot 
eooflict  uf  carbon,  oxygm,  and  calcium  produced  the  chalk 
and  iimestoae  hilb  which  are  now  cold;  and  froni  this 
earboD,  orfgui,  and  calcium  no  further  energy  can  be 
desired.  So  it  is  with  almost  all  the  other  oonstituenta 
of  the  earth's  crust.  Tbey  took  their  present  form  in 
obedieace  to  tnokculax  force ;  they  turned  their  potential 
eaeigy  into  dynamic,  and  gave  it  to  the  unix'eree,  ogea' 
before  man  appeared  upon  this  plunct.  For  him  a  resiOuo 
of  potential  energy  remains,  vti:<t,  truly,  in  rt^hiUon  to  the 
lib)  and  wante  of  an  inilividnat,  but  exceedingly  minute  in 
eotDp«ritoa  with  tl>e  earth's  primitive  store. 

to  sua  up.  The  whole  stock  of  energy  or  workings 
pnKT  io  the  world  conaists  of  aitrcuiiofis,  repulsioita,  aud 
mutMNUS.  If  the  attractiuns  and  repulsions  be  so  ciroum- 
stneed  u  to  be  able  to  produce  motion,  tbey  are  aouroee 
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pfwoiking^wer,  but  not  otherwise.  As  Btftt«da  moment 
ago,  the  aUmcUoa  exerted  tietweon  the  earth  an<)  a  bod; 
at  a  distance  from  the  earth's  8iiTfiio(>,  U  a  source  of  worl 
ing-powcr ;  bccaufc  tbo  bodj  cnn  ho  inovnd  hy  tho 
tlon,  and  in  falling  to  the  oarUi  cilh  jM^ifnnn  work.  Wh«i 
it  renU  upon  the  coirtJi's  Hurlaoe  It  1«  not  a  source  of  powi 
or  eatrgy,  because  it  can  &11  no  farther.  But  though  li 
has  cesBod  to  be  a  source  of  energy,  the  attraction 
gravity  still  acta  aa  a  force,  which  holds  the  eartli  and 
weight  together. 

Tbo  nine  remarks  apply  to  attmcting  atoms  and 
molecules.  As  long  as  dirtjinee  separates  them,  thry  enn 
moTo  ocroM  it  ia  obedience  to  the  nttraction;  and  tl: 
motioD  thus  produced  may,  by  proper  appliances,  be  c: 
to  perform  mechanical  work.  Wbeo,  for  example,  t 
atoms  of  hydrogen  unit«  with  one  of  oxygen,  to  fu 
water,  the  atoms  are  first  drawn  towards  each  other 
they  move,  tbey  clash,  and  then  by  virtue  of  their 
siliency,  tliey  recoil  and  quiver.  To  this  quivering  moti- 
wo  give  the  name  of  heat.  This  atomic  vibration  is  uerelj 
the  redistribution  of  the  motion  produced  by  the  cbemti 
affinity;  and  this  is  the  only  scnw  in  which  cliomi 
affinity  can  b«  siid  to  b^^  convcitw!  into  heaU  Wc  must 
Dot  imagine  the  chemical  atlradum  destroyed,  or  coo- 
vertod  into  anythinK  else.  For  the  atoms,  when  mutually 
clasped  to  form  n  molecule  of  wnlcr,  arc  Iwld  together  by 
tiie  very  attractinu  wliicli  first  drew  them  towards  each 
other.  I'bat  which  has  really  lieen  expended  la  tho  pu 
exerted  through  the  space  by  which  the  distance  botwev 
tlie  atoms  has  been  dimiQishod. 

If  this  he  tmdoretood,  it  will  be  at  once  seen 
gravity  may,  in  tliis  sense,  bo  said  to  bo  convertible  tai 
Iteat ;  that  it  is  in  reality  no  more-  an  oiit«tandh)g 
inconvertible  agent,  as  it  is  sometimes  slated  to  ix, 
is  chemical  affinity.     ))y  the  exertion  of  a  certain 
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Uirough  a  ccrtuiii  fpaci%  u  body  is  caused  to  e\asl\  villi 
a  eeituD  dsGmto  vclocltjr  (tgaintt  Ibo  earth.  Hetit  i* 
Umrvliy  dcrdoped,  And  this  iit  t)i«  onlj  ttmso  in  whidi 
gnrit;  c»n  he  lald  La  be  onnvert«d  into  heat.  In  no  casa 
b  the  /one  which  produces  the  tnotioa  anmhilaU'd  or 
Atmged  iaio  itnytbiDg  ebe.  Tba  mutual  uttraotion  of 
tba  eftxtli  aod  weight  exUto  wbea  the;  ore  in  contact,  aa 
irbeo  the;  were  separate  ;  but  the  ability  of  that  atlno- 
Ucn  to  employ  iteelt'  in  tho  production  of  motion  doe«  not 
exist. 

Tbo  transfortDKtion,  in  tJiis  case,  U  easily  followed  by 
the  mind's  eye.  First,  tbo  weight  a*  a  wholu  is  wt  la 
motion  by  the  nltmctii>n  of  gravity.  Tliis  motion  of  t]»e 
mass  i»  arT«st«d  1>y  wUixion  with  the  earth,  being  broken 
np  tntj)  moIcciUar  tremors,  to  which  we  give  the  name  of 
beat. 

And  when  wo  reverse  tho  procccs,  and  employ  iboae 
tremors  of  heot  to  raise  u  weight,  which  i»  douo  through 
tb«  intcrmudiation  of  an  ehuttic  fluid  in  tim  Dl^am-cngine, 
a  Dsrtaiti  dtt&nite  portion  of  tlie  molttcular  motion  is  con- 
tumud.  In  thta  •cntte,  and  in  this  sense  only,can  the  beat 
\m  aud  to  be  coaverted  into  gravity ;  or,  more  correctly, 
iata  potential  energy  of  gravity.  Hero  the  dc'Miuction 
nf  the  boat  has  created  no  R«uf  attraction ;  but  the  old 
attraction  luis  conferred  upon  it  a  powvr  of  exerting  a 
certain  dditiil*;  pull,  U-lwcvn  the  Htarttiig-p>.>iiit  of  the 
fklliug  weight  and  the  eartJ). 

When,  therefore,  writers  on  the  conservntion  of  energy 
■peak  of  tcnsionB  bi-iDg  'consumed'  and  ' g<-ner»t4.-d,'  they 
iv  not  mean  tlicrcby  that  old  attractions  have  l)een  anui- 
liH'.  '  I  new  on<»  brought  into  exi^<-noe,  but  tlial, 
to  lase,  ihR  pitwT  of  the  attraction  to  produce 

nritiwa  hn«  been  diminished  by  the  sUortoning  of  the  difl> 
ffn  tho  attracting  bodies,  wlitU-,  iu  the  other 
iwcr  of  pnxbiciiig  ni'ttion  Itaa  l)een  augmcnt^l 
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by  tbe  increase  of  the  distance.     These  remarks  apply  to 
all  bodies,  whether  they  be  sensible  masses  oi  molecules. 

Of  tlie  inner  quality  that  enables  matter  to  attract 
matter  we  know  nothing ;  and  the  law  of  conservation 
makes  no  statement  regarding  that  quality.  It  takes  the 
facta  of  attraction  as  they  stand,  and  affirms  only  the 
constancy  of  working-power.  That  power  may  exist  in 
the  form  of  iionoN  ;  or  it  may  6xist  in  the  form  of  force, 
toitk  diatanoe  to  act  through.  The  former  is  dynamic 
energy,  the  latter  is  potential  energy,  the  constancy  of  the 
sum  of  both  being  affirmed  by  the  law  of  conservation. 
The  convertibility  of  natural  forces  consists  solely  in  trans- 
formations of  dynamic  into  potential,  and  of  potential  into 
dynamic  energy.  In  no  other  sense  has  the  convertibility 
of  force  any  scientific  meaning. 


From  the  writings  and  conversation  of  distinguished 
men  I  learned,  that  Uie  notion  of  gravity  being  an  out- 
standing force,  entirely  inconvertible,  was  prevalent  among 
them.  Hence  the  origin  of  the  forgoing  exposition. 
Grave  errors  have,  indeed,  been  entertained,  as  to  whftt  ia 
really  intended  to  be  conserved  by  the  doctrine  of  con- 
servation.    November  1875. 
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laas. 

1.   Visible  and  InvUtible  Railialum. 

BGTWEKN  tlie  niod  of  man  tmd  tlie  oulcr  world  are 
interposed  the  nerrea  of  the  humao  body,  which 
tniulste,  or  enable  the  mind  to  tnuuJate,  the  imprcMiont 
of  that  norld  into  &cta  of  cnnscionencss  and  thought. 

DiSctctit  ncrvea  are  suited  to  the  peroepUoD  of 
diflcTcnt  iniprocuoiui.  We  do  not  too  with  the  ear,  nor 
hcmr  with  tJie  eye,  nor  are  ve  reitdcred  itensiUc  of  sound 
Iqr  the  oerve«<^  the  tongue.  Out  of  the  general  asaerablage 
oCpbjrsieal  actiona,  each  nerre,  or  group  of  uerves,  ^electa 
■ltd  lespoodi  to  tboee  for  the  perception  of  irhich  it  is 
fpacial]/  orgtniscd. 

Tbe  opUo  ncrvo  pa«tca  from  the  brain  to  tlw  back  of 
the  Vftbem  aiul  there  *pnMd«  out,  to  form  the  rt-tino,  a 
web  of  nerve  filaments,  on  which  tbe  images  of  cst«rDal 
objects  are  projected  by  tbe  opli<-al  portion  of  tlie  eye. 
Utia  Dono  is  limited  to  tho  apprchcnsioo  of  tbo  phe- 
nomena of  ndjatioD,  and,  ootwilliMantling  its  inarvvllous 
lantilrility  ta  certain  imprcsaions  of  tliis  class,  it  is 
lingnlarly  obtuie  to  other  impreationB. 

Nor  doua  the  optio  nerre  embrace  the  entire  raogo 

•Tea  of  radiitioo.    Some  nyt^  when  ih^T  rcacli  it,  are 

iaeoopetent  to  e\-olce  its  power,  while  others  never  reach 

it  at  all,  being  absorbed  by  the  humoura  of  the  eye.     To 
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til  rays  which,  whether  tliey  Kach  iho  rcdna  or  not, 
to  excite  viHioii,  vn  give  Uto  nmmc  of  inviKible  ur  ol»uure ' 
reys.     All  ooo-luiiiinouM   bodie*  emit  ui>cli  rays.     There 
is  no  liody  in  nature  aboolut^y  cold,  and  every  body  not 
absolutely  cold  emits  mys  of  heat.     But  to  render  radiant, 
heat  fit  to  nfft-eb  tho  optic  oervo  •  oeriain  tcmpcnUire  JM 
necesnry.     A  cool  poker  tlirait  into  a  fire  reojiunji  dnrli 
(or  a  time,  but  when  it«  temperature  lia«  become  ctiiia^ 
(o  tliat  of  the  surrounding  coaU,  it  glows  like  them.     Ii 
Uka  manner,  if  a  current  of  electricity,  of  gradually  in-' 
oreaatng  strength,  be  toai  tbrougli  a  wire  of  the  rvfractoiy 
metal  platinum,  tho  wire  firrt  bceomat  aentibly  warm  to 
the  touch ;  for  a  time  tt«  heat  augments,  •till  howcTve^ 
remaining  obscure ;  at  length  ne  can  no  longer  touch  th^ 
motal  with  imptmity ;  and  at  a  certain  definite  temi: 
aturc  it  emit*  a  feeble  red  light.     At  the  current  aug 
mcnta  in  )>ower  the  light  augmenttt  in  brilliancy,  until 
finally  the  wire  appears  of  a  dazzling  white.    The  liglil 
which  it  now  cmiu  is  eimilar  to  that  of  the  sim. 

By  means  of  a  prism  Sir  Isaac  Newton  unravelled 
texture  of  solar  light,  and  by  tho  same  simplu  instrument 
wo  can  investigate  tiic  luminoun  changes  of  our  plutinnm 
wirt!.  In  pa^ng  through  the  prism  all  Ita  rays  (and 
they  ore  infinite  in  variety)  are  bent  or  re&aoted  from 
thedr  straight  couivc ;  and,  as  different  ruys  are  differently 
rtifracUid  by  the  piisxn,  we  are  by  it  enablod  to  Ei>paiat« 
one  class  of  rays  from  another.  By  sticli  pdsiruttic  analy- 
Bis  Dr.  Draper  baa  shown,  that  when  the  platinum  wire 
first  begins  to  glow,  the  light  emitted  is  sensibly  red.  As 
the  gliiw  augment!'  tiiK  red  becomes  more  brilliant,  but  at 
tlie  same  time  orange  raya  are  added  to  the  emiasian. 
Augmenting  the  temperature  still  further,  yellow  rayt 
appear  beside  the  orange ;  after  the  yellow,  grwn  raya  are 
emitted ;  and  afVer  tho  green  come,  in  succesdOD,  blu^ 
indigo,  and  vioWt  niys.    To  display  all  these  colours  at 
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«iine  time  the  platinum  wire  must  be  vthUo-kol:  the 
preanou  of  whiteitesA  being  in  fiict  product  by  Die 
wnoltaoeoai  tction  of  &U  these  oolouni  uo  tho  optic  nerve. 
In  tfa«  experiment  just  described  ire  begnn  with  a 
platinam  wire  at  nn  ordinary  temperature,  and  gntlually 
mited  it  to  a  white  beal.  At  th<;  beginDin^;,  and  even 
the  electric  current  had  acted  at  aU  upon  the  wir^ 
emitted  inriirible  nyt.  For  some  time  after  the  action 
of  the  ciirreot  bad  commenced,  and  crvn  for  a  time  after 
the  wire  bad  become  intolerable  to  tti«  UnvHt,  its  radia- 
tioro  was  ftill  inrisible.  The  question  now  arises.  What 
bccofiMH  of  thcw  invisible  rays  when  the  visible  ones 
make  their  appeatanee  ?  It  will  be  proved  in  the  sequel 
that  they  maintain  Uicm»elTes  in  the  radiation;  that  a 
ny  ooce  emitted  continues  to  be  emitted  wlirn  tbe  tem- 
per%ttue  is  increased,  and  henoe  the  eminion  from  our 
platinum  wire,  eroo  when  it  baa  attained  its  maximum 
brilliaucy,  ooDtixLs  of  a  mixture  of  risible  and  inrisibh) 
faja.  If,  instead  of  tbe  platinum  win?,  tbe  earth  itself 
were  raised  to  incande9*c«iK«,  llie  flbscurc  radiation  which 
emits  would  continue  to  be  emitted.  To  reach 
the  planet  would  have  to  pass  through  all 
•toga  of  noD-luminous  radiation,  and  the  final  emia- 
would  enbimce  tbe  rays  of  all  these  stages.  There 
can  hardly  be  a  doubt  that  from  the  sun  itself,  rays  pro- 
eeed  nnilar  id  kind  to  those  which  the  daric  mrtli  poum 
B^My  into  apace.  In  &ct,  the  I'arious  kinds  of  ol^cure 
laya  emitted  by  all  the  pliuiota  of  oar  system  are  included 
is  tbe  present  radiation  of  the  8un. 

Tho  great  pioneer  in  this  domain  of  science  was  Sir 
William  Ilenchcl.  Causing  a  beam  of  solar  light  to  pas* 
through  a  iiriam,  he  remlvcd  it  into  its  coloured  oonxti* 
lumls;  he  formed  wliat  is  tcdiuically  called  the  solar 
ffndirmn.  Exposiog  thermometers  to  tho  succotsive 
ealoan  be  dctcnniood  their  heating  power,  and  fuimd  it 
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to  mugiDMit  from  Uic  violet  or  most  rtfmAed  end,  to  tl 
red  or  leatft  refracted  end  of  tlie  Rpectrutn.  But  he  did 
not  stop  here.  Piiahing  hia  thermometers  iDto  the  dark 
RpQoe  bej-ond  the  red  be  found  tb&t,  though  the  light 
liad  dienppcareti,  tlie  radiant  heat  falling  on  tbo  instxu- 
mcDta  waa  more  intense  than  Ibat  at  any  visible  part  of 
the  spectrum.  In  fact,  Sir  WjlUuin  HorHcbd  dhowcd. 
and  his  results  have  been  Tcrified  by  various  pbUosopb 
Mince  his  time,  tliat,  bdsideti  itx  luminous  rajs,  tb«  sun 
liotin  fortii  a  multitude  of  otl>er  rays,  more  powerfully 
culorifio  than  the  luminotu  ones,  but  entirely  unsuit«<]  to, 
tho  purpoftM  of  vision. 

At  the  lew  relVanfj^ible  end  of  the  solar  qiectrum,  then, 
the  range  of  the  sun's  radiation  is  not  limited  by  that  of 
the  eye.  The  mmo  Ftatement  applies  to  the  more  refrang- 
ible end.  Kilter  dii<oovi.f«)  the  extension  of  the  speo- 
tnim  into  the  inviniblo  n>g:t(in  beyond  the  violi-t ;  aiid,  in 
recent  timtv,  this  ulUa-vialrt  emission  luu  had  [xrcidiar 
interest  conferred  upon  it  by  the  admirable  researchei 
rrofesBor  Stokes,  The  complete  spectrum  of  the  sua 
(roneists  therefore,  of  three  distinct  parts : — first,  of  ultra- 
red  rays  of  high  heating  power,  but  vnmitcd  to  the  pur- 
poses of  vision ;  secondly,  of  luminous  mys  which  display 
the  succession  of  ooloura,  tmI,  orange,  yellow,  green,  blue, 
indigo,  violet ;  thirdly,  of  nltra-violet  rays  which,  liko  the 
ultra-red  ones,  are  incompetent  to  excite  vision,  but  wliicli, 
unlike  the  ultia-red  rays,  poeseEs  a  very  feelJe  healing 
power.  In  coosequonoe,  however,  of  tlicir  chemical  ene^ 
the«e  ullra-viflliit  rays  am  of  the  utmost  importance  toi 
the  organic  world. 
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2.  Origin  and  Chatftder  of  Radiation.     The  Aethei: 

Vn\ta  no  •<.■«  a  platinum  wire  raised  gradually  to  a 
libite  beat,  and  emitting  in  siicceesion  all  tbe  oolou  s  of  tbe 
we  are  simpl;  conscious  of  a  series  of  changes 
the  condition  of  our  own  ejus.  Wc  do  not  sc«  th« 
actiou  in  nhicii  thc«c  euocvwive  colours  originate,  but  tbe 
mind  irrcstHtibly  infett  that  the  appearand  of  the  colonrs 
coTTcaponds  to  certain  contemporaneous  changes  in  tbe 
wire.  ^Hiat  is  the  nature  of  these  changes?  In  virtue 
of  what  condition  does  the  wire  radiate  at  all  ?  Wc  muni 
now  look  from  tbe  wire,  as  a  whole,  to  it«  constit^icnt  atoms. 
Could  wo  Boe  tbow  atoms,  even  before  the  dectnc  current 
has  beifun  to  act  upon  them,  we  should  £nd  them  in  a 
state  of  vibration,  fn  this  vibration,  indeed,  oonii«ts  «ncb 
warmth  as  the  wire  then  possesses.  Locke  enunciated  this 
idea  with  gratt  prevision,  and  it  has  hwo  placed  beyond  the 
pale  of  doubt  by  tbe  eici-llent  quantitative  researches  of 
Mr.  Joule.  '  Ueat,*  says  Locke, '  is  a  vory  brisk  agitation 
uf  the  insensible  parts  of  the  object,  which  produce  in  u« 
that  sensation  from  which  wc  denomin»te  the  object  hot: 
to  what  in  our  Kcnsalions  is  lual  in  the  objiwt  ta  nothing 
but  motion.'  VMien  the  doctric  current,  still  feeble,  begins 
topua  through  tlie  wire,  its  tirst  act  is  to  intensify  tho 
ribiBtioDS  already  existing,  by  caunng  the  atoms  to  swing 
thro>ngh  wider  ranges^  Teehnicatly  speaking,  the  antpft- 
tmlf*  of  tbe  oscillations  are  increased.  The  current  does 
tbis,  however,  without  altering  tho  jteriods  of  tho  old' 
vibrations,  or  tho  tJmcs  in  which  they  were  executed.  But 
boides  intensifying  the  old  vibrations  the  current  gene- 
ntes  O0W  and  mure  rapid  ones,  and  when  a  certain  do- 
finite  rapidity  liu  been  attained,  the  wire  begins  to  glow. 
I  7^  colour  firii  exhibited  is  red,  which  corresponds  to  tbtt, 
^Joweii  rate  of  vibration  of  which  tho  eye  is  able  to  talu 
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cogniKtDoe.  By  augmcndng  Uie  strengUi  of  the  electrie 
ourrvnt  more  rapid  viliratinna  are  introdueed,  Bad  orange 
rays  appear.  A  quicker  rate  of  vibration  prodixes  yollow, 
a  still  quieker  green ;  and  by  further  auginc»tiitg  the 
mpidi^,  we  paaa  through  blao,  indigo,  aud  violvt,  to  the 
e]rtreme  nltsa-TMlot  ray*. 

Such  an  the  changes  which  •oience  Tect^nisce  in  the^ 
vJTO  itwl^  as  coDCttrrent  with  the  visna]  dianga  laVlti 
place  in  the  eye.     But  what  ooiutecta  the  wire  with  thia' 
organ  ?     By  what  means  does  it  send  suoh  intelligence  of 
its  varying  condition  to  the  optic  nerve?    Heat  being,  as 
defined  by  txicke, '  a  very  brisk  agitation  of  the  insen- 
sible p3Tt«  of  an  object,'  it  is  readily  conceivable  Uiat  <mi 
totidiing  a  heat«d  body  the  agitation  may  oonununieut« 
iLvtIf  to  the  adjacent  nerves,  and  announce  iteelf  to  tliem 
as  light  or  heat.     But  the  optic  nerve  does  not  touch  the 
hot  platiniun,  and  hence  tlio  pertinence  of  the  qneotioD, 
By  what  agency  arc  tlie  vibnttions  of  the  wire  transmitted 
to  the  eye  ? 

The  ancwer  to  this  question  involves  perhaps  the  roos 
important  pbysioal  conception  that  the  mind  of  man  baa 
yet  achieved:  tlie  eonception  of  a  medium  filling  spooe 
and  fitted  mechanically  for  the  tranfnniitflion  of  the  vibra- 
tions of  light  and  heat,  as  air  is  fitted  for  the  tTantmisdon 
of  sound.    This  medium  is  called  tiie/umini/Mx>tM(utAer. 
Every  vibration  of  every  atom  of  our  platinum  wire  muKs 
in  this  aether  a  wave,  which  speeds  through  it  at  the  rate 
uf  186,000  roilus  a  seoond.     The  aether  suffers  no  rupture 
of  continuity  at  the  aiirfaoe  of  the  eye,t])ointor-molecular 
spaces  of  the  various  humonra  are  filled  with  it ;  heooe 
the  waves  generated  by  tlie  glowing  platinum  can  orom 
these  humours  and  impinge  on  the  optic  nerve  at  the  ■ 
back  of  the  eye.     Thus  the  Hcnsation  of  Ught  reduces  it<el^| 
to  the  coiuintiDtcatioD  uf  motion.     Up  to  this  point  wa^ 
deal  with  pure  mechanics ;  but  Die  subsequent  iianslatioa 
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ct  Uw  Aoek  oT  U>e  aetbereal  nve«  into  con»ciou8D«H 
elude*  Uie  aoalysu  of  Mtrnce.  As  on  oar  dipping  into 
the  Ouu  geoeretos  tjtUamt  of  vaveo,  which,  speeding  from 
Ibeeentreof  disturtnnoe,  Gnall;  stir  the  eodgm  on  thv 
rivet's  htnV,  lo  do  the  vibrating  atoms  g«ii«nte  ia  the 
tiurounilingaetherimdulatious,  which  finaUy  itir  the  fila- 
laeDtA  tif  the  retina.  The  motion  thus  imputed  is  traos- 
toitted  witli  mouniruble,  and  not  very  great  velocity  to 
the  hnii",  where,  by  a  process  which  ssionce  doc*  not  OTOn 
tend  to  uDiavel,  the  tremor  of  the  nervous  matter  m  oon- 
vettcd  into  the  conficious  impnisiion  of  ligbL 

DaricBCM  might  then  be  defined  as  aether  at  r<^;  light 
as  aether  in  motion.  But  in  reality  tlic  aether  ia  never  at 
rest,  for  In  the  absence  of  light-waves  we  have  beaUwavea 
s]w«3rs  apeediog  tlirough  it.  f  n  tlic  Kpitc«!i  of  the  universe 
both  etaaea  of  undidatioos  inceBiantty  commingle.  Here 
the  waves  issuing  from  uncounted  centres  croae,  coincide, 
oppoae,  and  pass  through  each  other,  without  confusion 
or  nlttmalf  extinction.  The  wares  from  the  zenith  do  not 
joelle  out  of  existence  thotic  (ix>m  the  horizon,  and  every 
star  is  seen  aerocs  tlic  cntaiigleinwit  of  wave-motions 
produced  by  all  other  stars.  It  is  the  oeaseloM  thrill 
caused  I7  those  distant  orbs  collectively  in  tiie  aether, 
that  oaOBtitut«s  vhat  we  call  th«  Umperaiun  of  space. 
As  the  ail  of  a  room  aecomniodales  itaelf  to  the  require- 
menta  of  an  orchestra,  traasmittaoK  each  vibration  of  every 
pipe  and  stiing,  so  does  the  inter-stellar  aether  accommo- 
date itself  to  the  requirements  of  light  and  li<nt.  Its 
wave*  mingle  iti  S|Kioe  without  disorder,  each  being 
odowcd  with  au  individuality  as  indestructible  as  if  it 
aleoe  had  disturbed  the  universal  repose. 

AU  ragoeoess  with  regard  to  the  use  of  Uie  terms 
radiation  and  aluorption  will  now  disappear.  Badiation 
H  tbo  communicatiou  of  vibratory  motion  to  the  aether ; 
aad  «hen  a  hodr  is  said  to  be  chilled  by  radiation,  as  fur 
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example  tbe  gnus  of  a  meadow  on  a  «Ur1ij*)it  uiglit,  the 
meeiUDg  is,  that  tJ>o  motoculi.4  of  the  gnu«  liavc  lost  a 
portion  of  Uicir  motion,  l)y  imparting  il  to  tin?  nii^diiim 
ia  which  they  vibrate.  On  thv  other  luind,  the  wavr*  uf 
oetbor  may  m  strike  against  the  molecules  of  a  1x>d; 
vxpooed  to  their  aelion  as  to  yield  up  thoir  motion  to 
tht!  latter ;  and  in  this  transfer  of  the  motioo  from  the 
aether  to  the  molocules  consists  the  absorption  of  radiant 
heat.  All  the  phenomena  of  heat  arc:  in  this  way  re- 
ducible to  interchanges  of  motion;  and  it  is  purely  a* 
the  recipients  or  llio  donora  of  this  motion,  tluit  we  our- 
■cItcs  become  couscious  of  the  action  of  heat  and  cold. 


3.  Tht  Atomic  Theory  in  r^er«nc9  to  tkt  Aether, 

Tlic  word  'atoms*  lias  been  more  than  oni-e  empIoye<1 
in  this  discoiirte.  Cfaemiits  have  taught  nf  that  idl  matter 
is  reducible  to  certain  elementary  forms  to  which  they 
give  this  name.  These  atoms  are  endowed  with  powers 
of  mutual  altraction,  and  under  suitable  circumstanoes 
they  ooaleece  to  form  compounds.  Thus  oxygen  and 
hydrogen  are  <'lcmi^nls  whon  neparate,  or  merely  miaierf, 
but  tJiey  may  he  made  to  combine  m  an  to  form  molecules, 
each  consisting  of  two  atoms  of  hydrogen  and  one  of 
oxygen.  lo  this  oonditton  they  constitote  water.  So  ^^ 
&\&o  chlorine  and  sodium  are  elements,  the  former  a  pim-  ^M 
gent  gaa,  the  latter  a  soft  metal;  and  they  unite  togeilier  '' 
to  form  chloride  of  sodium  or  common  salt,  fn  tbe  same 
way  the  element  nitrogen  combines  witli  hydrogen,  In  the 
proportion  of  one  atom  of  tlie  former  to  tlirce  of  the  latter, 
to  form  ammonia,  or  spirit  of  hartsliom.  Picturing  in 
imagination  the  atoms  of  elementary  bodies  as  little  spheres, 
the  molecules  of  compound  bodies  must  be  pictured  uS 
groups  of  nich  spbereR.    Tliis  is  tli«  atomic  theory  at. 
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tHlixtu  coDoeived  it.    Now  if  this  theory  have  any  founda- 
tion in  tact,  and  if  the  theory  of  an  aether  pervading 
^s|iac«N  nod  iwnttituting  the  vehicle  of  atomic  motion,  be 
LfouDdcd  in  lact',  wv  maj  araaredlj  oxpoct  the  vibrations  of 
leletnentafy  bodies  to  b«  profoundly  modified  by  the  act  of 
oambinadoa.     Tl  i*  on  llie  faco  of  it  almost  ci^ain  that 
boUi  a*  rvgarda  radiation  and  abxyrption,  that  is  to  ny,^ 
both  aa  refolds  the  communicatioQ  of  motion  to  the  i 
'  ux)  tlie  aoocptnnc«  of  motion  from  it,  tho  deportment  of 
Um  Qocombiiied  atoms  will  be  diflereut  from  that  of  tb« 
combined. 


4.  Absorption  of  Hadiant  Heai  hnj  Qase^. 

We  bav«  uuw  to  submit  those  oonsideraUoDB  to  the  only 
t««t  bj  which  they  can  be  tiied,  namely,  that  of  experi 
inenL  An  experiment  is  well  defined  t»  a  question  put 
to  Nature ;  but,  to  avoid  the  risk  of  asking  amiss,  we  ought 
to  purify  the  question  from  all  adjuncts  which  do  not 
,  OBocawrily  belong  to  it.  AEattcr  lias  been  tliowa  to  be 
composed  of  elementary  constituents,  by  the  compounding 
of  which  all  its  vaiieties  are  pfoduced.  But,  besides  the 
diemi«al  nnionii  which  they  form,  both  elementary  and 
compound  bodies  can  unite  in  another  and  leas  intimate 
w*j^  By  the  attraction  of  cohesion  gases  and  vapours 
aggregate  to  liquids  and  solids,  witlioutany  cfaangeof  their 
I  ebemical  nature.  We  do  not  yet  know  how  tlto  tronsmis- 
I'Btoa  of  ndiant  heat  may  be  affected  by  the  entanglemrat 
doe  to  cohesion ;  and,  as  our  object  now  is  to  examine  tho 
infliMmce  of  chemical  union  alone,  we  shall  render  our 
cxpefimentx  more  pure  by  liberating  the  atoms  and  mole- 
cules eulireiy  from  the  bonds  of  cohesion,  and  employing 
tfaem  in  tho  gaseous  or  vaporous  fonn. 

Lei  uj  endeavotu'  to  obtain  a  perfectly  clear  urnUii 


M 


FBAGMEinH  OF  SCIKKCE. 


i 


iuaj^  of  the  problem  dow  bcforn  ui<.  Limiting  In  the 
first  |Jac«  our  enqturies  to  tiie  phenomena  of  absorption, 
we  have  to  picture  a  suoce«ion  of  waved  issuing  from  a 
radiant  Bouroe  and  passing  tbrongh  a  gas ;  eome  of  tticm 
Btriking  against  the  gawous  molecules  and  yielding  up 
ttiuir  motion  to  the  latter ',  others  gliding  round  the  mole- 
cule*, or  paMiting  through  tho  intcr^molecular  «pave«  witli- 
out  apparent  hindranco.  Tho  problcon  before  u«  is  ti) 
dctcrmino  whether  such  free  molecule*  have  any  power 
whatever  to  iit<^  Uie  wavcc  of  heat ;  and  if  to,  whetlier  dif- 
ferent mok«u1es  pomeaa  tills  power  in  different  degrees. 

The  ftource  of  waves  chosen  for  these  esperimont^ 
ia  a  plate  of  copper,  against  the  back  of  whicli  a 
Bteody  sheet  of  6amc  is  permitted  to  pbiy.  On  ener^og 
&om  the  copper,  the  waves,  in  the  Gist  instance,  pass 
through  a  spac«  devoid  of  air,  nod  then  enter  a  hollow 
fihss  cylinder,  three  feet  long  and  thnw  inches  wide  The 
two  ends  of  thiH  cylinder  are  tUvpped  by  two  plat««  of  rook-  , 
salt,  this  being  the  only  solid  subetanoe  which  offer*  a 
scarcely  sensible  obstaele  to  the  passage  of  the  calorilie 
waves.  After  posting  through  tho  tube,  the  radiant  heat 
fall*  upiiti  iJio  anterior  feoe  of  a  thermo-electric  pile,' 
which  iastantly  applies  the  brat  to  tbo  generation  of  an 
dcctric  current.  This  current  condocted  round  a  mag^ 
netic  needle  deflectsit,  and  the  magnitude  of  the  deflection 
is  a. measure  of  ibo  heat  filing  upon  the  pile.  This 
famous  instrument,  and  not  an  ordinary  thermometer,  is  | 
.vbat  we  shall  use  in  thcso  ctnqtiirics,  but  wo  shall  use  it 
in  a  eomewhat  novel  way.  As  long  a«  the  two  opposite 
face*  of  the  thermo-elMrtiic  pile  are  kept  at  the  same  tem- 1 
peratttre,  no  matter  how  high  that  may  be,  there  ia  im 
current  geoecatad.     The  current  is  a  conseqoeace  of  a 

■  In  lbs  Anmxti*  Is  UU  flrat  Aiptiv  of  '  IlMt  m  >  VodB  of  Motiia-  { 
Oi»  mutnNtlon  ol  tb»  tlunna^leeUlc  fUa  ia  faOf  rzplaiaed. 
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differ«ne«  of  temperatore  between  the  two  opposite  Guev' 
if  tbo  pile,  nencic,  if  after  Uw  notcrtor  face  has  received 
tli«  beat  from  our  radiatiog  XMirco,  a  t>econ<l  Eouroo,  which 
we  may  call  the  conpenBaliiig  source,  be  permitted  to 
tadiate  a^inst  lh«  posterior  face,  tltia  Intter  radiation  will 
tend  to  nputmliw  tho  fonnor.  ^V]t^n  thv  neiitralisatioD 
i»  prrfRcl,  the  magnetic  needle  connected  with  the  pile  is 
Du  kmgcr  deSected,  but  points  to  the  sero  of  thejjTadiiated 
circle  over  wbicb  it  hangs. 

And  now  let  oa  suppose  the  gUus  tube,  through  which 
plus  the  wave*  tivm  the  bent«d  plato  of  copper,  to  be  ei> 
bausted  bj-  an  air-pump,  the  two  sources  of  heat  acting  at 
tJie  same  time  on  tlie  two  opposite  (axea  of  the  pile. 
'erfiKtly  equal  quantities  of  heat  beini^  impartod  to  the 
o  hmxK,  the  needle  points  to  xero.  Li^t  any  gas  bo  now 
tied  to  enter  the  exhausted  tube ;  if  the  moleculee 
pnant  any  power  of  intercepting  the  calorifio  waves,  the 
equilibrium  previously  esistiug  will  be  dcetroyod,  the 
caaipai»Bting  sooioo  will  triumph,  and  a  dcBoction  of  tlic 
raagiwiie  oc«dlc  will  be  the  immediate  eonsequence.  FVom 
the  deflertious  tUiw  produced  by  different  gasea>  wo  can 
readily  deduce  the  relative  amounts  of  wave-motion  which 
'ir  molecules  intercept. 

In  this  way  the  substances  montioncd  in  the  foUowirg 
ble  were  oxamioed,  a  small  portion  only  of  each  being 
admitted  into  the  gloM  tube.  The  quantity  admitted  was 
jti»*  siiffk'ii^nl  lo  deprMS  a  column  of  mercury  associated 
wiiii  the  tulM*  ono  inch :  in  other  words,  the  gases  were 
ecamined  at  a  presnire  of  one-tbiriioth  of  an  atmosphere. 
1'he  nombcni  in  the  table  exprcsfl  the  relative  amouuta 
of  wavo-motion  abaorbcd  by  the  respective  gases,  the 
quantj^  intercepted  fay  atmoepherio  air  being  taken  m 
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Radialwt  thrtmyh  OoMt. 

XumoIrm  BiUtlK 

Air 1 

Oiygia 1 

Nitn^ga 1 

IlTdrogcn I 

C^bouie  oiid«    .....  TtO 

OubdOic  4K9ll 073 

njdniehlorie  add        ....  l.OOC 

Nitric  ooido 1,900 

HitMni  rai'lo I^KO 

BolpUiIa  «f  hfitogcD  .       .               .  S.IOO 

Aminaiik 6AO0 

Oloflantpia <kOSO 

Snlphnroiu  acid MSO 

Every  gsa  la  this  table  is  perfectly  irantqiiarentloli^li 
that  is  to  eay,  all  waves  within  the  limits  of  the  Tiiihli) 
epoctrum  pam  through  it  without  obstraction  ;  but  for  tJw 
tmveii  of  slower  period,  emnnsting  tWinn  oiir  licatix]  pinte 
of  copper,  enormous  difTercnceii  of  absorptive  power  arc 
manifested.     These  difiereocea  illustrate  in  Lbe  most  un- 
expected msnner  the  in6iiience  of  chemical  corobiiuitioD. 
ITiiw  the  eloinenlary  gases,  oxvKeUt  hydroffCD,  nnd  nitro- 
gen, and  the  mixturo  utmosphcric  air,  prove  to  be  practical 
vacua  to  the  rays  of  heat ;  fur  ever}'  ray,  or,  more  strictly 
speaking,  for  evciy  unit  of  wave-mution,  which  any  ona 
of  tht-m  is  competent  to  intercept,  perfectly  transparcnteH 
ammonia  intercepts  5,460  units,  oletiant  gas  6,030  untt^H 
wliile  sulphurous  acid  gas  absorbs  6,480  mtits.     VSlia^f 
becomes  of  tbo   wave-motion  thus  intercepted?      It   i^^ 
^[diod  to  th«  beating  of  the  alisorbtng  gas-     Tlirougb^n 
air,  ox^en,  bydrogRn,  and  iillro$;en,  on  tlie  contrary,  th^H 
waves  of  aether  pass  without  absorption,  and  l)ia«  gases^^ 
are  not  aensibly  changed  in   temperature   by  the   most, 
powerful  calorific  rays.     The  position  of  nitrous  oxide  i| 
the  foregoing  tabic  is  worthyof  particular  notice,     i 
gas  wo  have  tbe  same  atoms  in  a  state  of  chemical 
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that  esisl  unoomlnDod  in  the  atrooKpliorc ;  but  tbe  abaci 
(ion  of  the  compouod  is  1,800  times  tliAtoFair. 


5,  Furmalimi  of  SnvialbU  Foci. 

This  extraordjoar;  deportment  of  Ui«  eU-menCtiy  | 
TiKtimlly   directed   attention   to    elementaiy   bod!e«    in 
utber  state*  of  nggrrgation.    Sam«  of  MeUoni'a  result^ 
now  aUatu«d  a  new  significance;  fortliis  celebrated  m- 
periment«r  bod  found  crjKtids  of  tbo  clcnK-nt  eulphtir  to 
be  bigfaty  perviom  to  radiant  beat ;  bo  bud  nl«o  provc^l 
Ibat  lamp-black,  and  black  glars,  (wbicb  owtts  itn  blaokaetf^ 
to  tbe  elemeDt  carbon)   were  to  a  oontiideiable   extent 
inmaparmit  to  calorific  rays  of  low  refmngibility.     Tbea^| 
&ct«,  bannooiting  *a  itrikiDgiy  witb  tb«  deportment  of^ 
the  ttmple  gaaet,  taggetied  furtlicr  cnqiiirr.    Sulphur  dis- 
aalved  in  bisalplude  of  carbon  kos  found  abnost  perfi>atljA 
transpareDL      Tbe    deose   and   deeply-eoloured  element 
bromine  vjia  pxamined,  and  found  competent  to  cut  off 
the  ligbt  of  our  most  brilliant  BamM,  while  it  tnutsmitted 
tbo  inviaible  calorific  raya  witb  extreme  frvtidom.     Iodin«, 
the  companioQ  element  of  bromine,  wax  next  thought  ofs^ 
btiC  it  was  found  EmpractioaUe  to  examine  tbe  Bubetanc^f 
lu  its  usual  Bo!id  condition.     It  however  dissolves  freely 
in  bisulphide  of  carbon.      l*here  is  no   chemical  union 
between  the  liquid  and  tbe  iodine ;  it  is  suaplj  •  case  of 
■oltttion,  in  which  the  uiirombincd  atoins  of  tbe  dement 
oan  act  upon  the  radiant  beat.    When  permitted  to  do  eo, 
it  was  found  that  a  layer  of  disMlred  iodine,  eufficieutly 
opaque  to  cut  off  tbe  light  of  the  midday  sun,  was  almost 
■faaolutely  transparent  to  tbo  invisible  calorific  my*. 

Ay  prismatic  aaulysis  Sir  William  Hcrechtd  separated 
tbe  biminouR  from  the  non-luminoui  rays  of  tbe  sun,  and 
ha  also  aeugbt  to  rtodcr  tbe  obttou^  rays  viable  by  coa% 
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centiation.     IntercepUnj^  the  luminous  portion  of  bin 
spectfum  be  brought,  by  it  converging  Ifios,  tbo  ultTa-r«l 
rajs  to  a  focuE,  but  b;  this  condcnntion  bo  obtuined  no 
light.     The  solutiou  of  iodia«  ofTen  a  inviuis  of  Altering  ^| 
t;h(!  lAiiIar  boam,  or,  failing  it,  tlie  beam  of  tlie  «l«ctric  ^M 
liimp,  u'hiclt  renders  attainable  &r  more  powerful  foci  of 
invisible  rays  tJian   could  poesiblj  be  obtained   by  the  ^J 
method  of  Sir  William  Uertcbel.     For  to  form  bis  spec-  Hj 
trum  be  vas  obliged  to  operate  upon  roLlt  light  which 
had  passed   tbrongh   a  narrow  slit   or  thiougli  a  tinuUl 
aprrture,  tbo  amount  of  the  obtcuro  boat  being  limiUid 
by  this  circumstance.     But  with   our  opn<jne   solution 
vn  may  employ  the  entire  surface  of  the  largest  leDS, 
and  baviug  thus  converged  the  rays,  luminous  and  noo- 
liuninouB,  we  can   iDt«rcept  th«  former   by  the  iodine, 
aud  do  what  wo  please  with  the  latter.     EKperiraents  of 
this  character,  not  only  with  the  iodine  solution,  but  al»o 
with  black  glass  and  layers  of  lamp-black,  were  publicly 
perfoTmcd  at  tbo  Royal  Institution  in  the  early  part  of 
1862,  and  the  efTecta  at  the  foci  of  iurtKiblo  rays,  tlien  ob- 
tained, were  such  as  luul  never  been  witnratted  iireviousljr* 
In  the  eicperiments  here  referred  to,  ghus  lensee  were 
employed  to  cancentrato  tbe  rays.    But  gUus,  though 
highly  trnn^parvnt  to  the  luminous,  is  in  a  high  degree 
opaque  lo  the  iuvisihle,  beet-nys  of  the  eluctric  lamp,  and 
hence  a  targe  portion  of  tlMM  rays  was  intercepted  Lpy  tlui 
glass,     Tbe  obvious  reonedy  here  is  to  employ  rock-salt 
lenses  inMcad  of  glass  oiwe,  or  to  abandon  the   use  of 
lenses  wholly,  and  to  coaceaimto  the  rays  by  a  metallic 
mirror.      Both  of  these  improvements  have  been  iutro- 
dnoedr  and.  as  anticipates),  the  invisibla  foci  liavc  bettu 
thareby  rendered  more  intense.     Tbe  mode  of  operating 
remains  however  Ui«  tame,  in   principle,  as   that  mode 
knowu  in  1S62.     It  was  tlicn  (bund  Uut  an  in>.tniit's  oi- 
pDBtire  of  the  face  of  Ibe  tlierma<electnc  pib  lo  tbe  focti 
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of  invbiUe  isys,  dnakod  the  needier  of  a  ooane  galva- 
Kpueter  violeotty  uidc    It  is  now  found  that,  on  8ub«ti~  j 
tnting  for  tho  fare  of  tlm  thotmo-electric  pile  a  com- 
bustible body,  the  iuvUiblc  raj-*  arc  competent  to  «H  that  ^ 
body  un  6rc. 


6.  VUibU  and  Invisible  Raya  of  the  Elrdnc  Light. 

We  have  next  to  oxamine  what  proportion  the  non- 
lumiiKnw  raya  of  the  eloctiic  light  bcw  to  the  liimiuoita 
ODMi.  Tliic  tlio  opdquo  solution  of  iodine  enable*  ti$  to  do. 
witli  an  extremely  clow  apptoximatioD  to  tlie  t^iitb.  The 
pure  bisulphide  of  carbon,  which  is  tbe  eolvent  of  tlia 
iiMiine,  u  perfectly  transparent  to  tlie  luminous,  and 
almost  perfectly  transparent  to  tbe  dark,  myB  of  tbe 
deetric  faimp.  Through  the  tiansparcnt  bisulphide  the 
total  radiation  of  the  lamp  may  be  considered  to  pMC^^ 
while  tlirough  the  itoluttoit  of  iodine  only  Ibo  dark  rayv 
arc  tiwiKmitted.  Determining,  tlien,  by  means  of  a 
tbaraio-electrio  pile,  the  total  radiation,  and  deducting 
from  it  tbe  purely  obscure,  wo  obtain  the  amount  of  the 
purely  luminoas  emission.  Espcrimeutfi,  peifonncd  in 
tbis  way,  prove  Utut  if  all  the  rinblo  rays  of  tbe  electric 
light  were  ooorerged  to  ft  foeus  of  daxxling  brilliancy,  ite 
bail  would  only  be  nnfr^igbtli  of  that  )>ruduced  at  the 
iBf****  focus  of  the  inriaible  rays. 

Rxpoaiog  his  tbennoueters  to  tbe  sucoeeaiTe  coloura  of 
tbe  solar  speotmm.  Sir  William  Henehel  determined  the 
beating  power  of  each,  and  also  that  ot  tbe  region  beyond 
tbe  eatreme  red.  Then  drawing  a  Htrai^fht  line  to  repr&- 
Mnt  tbe  length  of  the  Kpcclmm.  lie  enxtc^,  at  various ' 
points,  perpeodiculunt  to  tepreftent  the  calorific  Intensity 
^itufiry  ftt  those  points.  Uniting  tbe  ends  of  all  his 
pHpeDdieataisi,  he  obtained  a  eurve  which  showed  at  • 
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gtanoe  the  manner  io  which  the  heat  vta  dieUibated  m 
the  aolftr  epocfnitn.  FrofiMtor  Miiller  of  FrcibuT)^,  with 
improviKl  iDXtrtimciitii,  nftvrwKrds  made  Bimihtr  experi- 
moDtti,  and  oonKLnicted  a  more  socunta  diagnun  of  the 
«ame  kind.  We  have  now  to  examiae  the  distribution  of 
heat  in  the  spectrum  of  the  dectric  light ;  and  for  tliis 
purpose  vc  chidl  vmplov  a  particular  fonn  of  the  tlicrmo- 
vUrclrio  pilfi)  doviwid  !>;  SleUoui.  Its  face  is  a  rectangle, 
which  by  means  of  movable  s!de-piec«8  can  be  rendered 
as  narrow  as  deared.  We  can,  for  example,  ha%~e  the 
face  of  the  pile  the  t«nth,  the  hundredth,  or  cvun  tha 
thousandth  of  an  inch  in  bre«dtJi.  Bj  mean*  of  an  end- 
less  screw,  tbi«  linear  tliermo-electric  pile  may  be  moved 
through  the  entire  Bpcctmm,  from  the  violet  to  the  red, 
the  amount  of  beat  falling  upon  tbe  pile  at  every  point 
of  it«  march,  being  declared  by  a  magnetic  needle  otso- 
ciatod  with  the  pile. 

When  this  in^tnmtent  ia  brought  up  t«  the  violet  end 
of  the  spectrum  of  (he  electric  light,  the  heat  it  found  to 
l>t!  insensible.  As  the  pile  gradually  movee  Erom  the 
violet  end  towarda  the  red,  heat  aoon  manifests  itsdf, 
HUgraeoting  as  we  approach  the  red.  Of  all  the  coloun 
of  tho  visible  Fpcctnim  the  red  poaseiwo*  tlie  highwt 
heating  power.  On  pushing  tlie  pile  into  the  dark  region 
l>erond  the  red,  the  beat,  instead  of  vanishing,  rises  sud- 
denly and  onormoualj  in  intensity,  until  nt  eome  dietanoo 
bcynnd  the  red  it  attains  a  maximum.  Moving  tho  pil« 
iitill  forward,  the  thermal  power  falls,  somewhat  more 
rapidly  than  it  rose.  It  then  gradually  shades  away,  but, 
for  a  distance  beyond  the  red  greater  than  the  length  of 
the  whole  visiblo  spectrum,  signs  of  heat  may  be  detocted. 

Drawing  a  datum  line,  and  ■•quoting  along  it  per- 
pt^diculars,  proportional  in  length  to  the  tJiermal  in- 
t<-n»ity  at  the  respective  points,  we  obtain  the  extra- 
ordinary curve,  shown  on  tho  adjacent  page,  wbit-b  ox- 
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liibiU  tli«  distrilnitioQ  of  Iteat  in  Ibe  speanun  of  tbe 
electric  %ht  Id  tbe  n^oa  of  dark  cay!!,  beyond  the 
»d,  tha  curve  shooU  up  to  B,  in  ■  st«ep  and  mauivaJ 
peak — a  kind  of  ]ktatt«rliom  of  1>«at,  wlilch  dwaHk  tbal 
portion  of  tim  diagram  c  d  r,  reprecenting  tiie  luminous 
radiation.  Indeed,  the  idea  forced  upon  the  mind  by 
this  dia^m  U  tbat  tbo  light  rays  orv  a  mere  infigni- 
ficant  uppendagw  to  the  iMtnt-mys  repnwated  by  the 
areft  a  b  c  n,  throum  in  as  it  were  by  nature  for  tbe  pui^ 
poeee  of  vision. 

The  diagram  drawn  by  Proffseor  Miiller  to  represent 
the  dlclribuUon  of  hviit  in  tlio  »oUir  Kpttetnim  is  not  by 
any  tncans  so  Ktrikiiig  as  tbat  juxt   daicribed,  and   the 
reasoDf  doubtless,  is  tbat  prior  to  rotcliing  tbe  earth  tbe 
Holitr    raya  have   to   traverse   onr  atmoGphere.     Ity  the 
aqucoiu  vapour  Lbero  difTuwd,  tho  nimmtL  of  the  pcak^J 
representing  the  sun's  iDvisible  radiation  is  cut  off.     AI^| 
Minilar  lowerinj*  of  the  mountain  of  invisible  heat  is  ob-^" 
•erred  wbon  the  rays  &om  the  electric  light  are  permitted 
to  pan  Uiroiigh  a  fdm  of  wut«r,  which  octfl  upon  them  u 
the  atmoiphiiric  vapottr  acts  upon  Ui«  nyt  of  cho  sun. 


7.  Con^uet'ton  &y  InouibU  Raya, 

The  sun's  invisible  mys  fiur  transoend  the  visible  ones 
in  beating  power,  go  that  if  the  alleged  performances  of 
Arcbimodvs  during  tho  siegu  of  Syraciuc  bud  any  founda- 
tion in  fact,  the  dark  Kolitr  rays  vrotdd  have  iKcn  tbo  phi- 
loMpber'a  chief  agents  of  combu«Lian.  On  a  usall  Ka]« 
wo  can  readily  produce,  with  the  purely  inTisiblu  ray«  oi 
tbe  clectrio  light,  all  that  Archimedes  is  said  to  have  pe: 
formed  with  tho  sun's  total  radiation.  Placing  behiuil 
the  electric  light  a  small  concave  mirror,  tbe  mys  aro 
oonvergod,  the  cone  of  rcSoctod  rav«  and  their  point  of 
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eonvurgciico  being  reodijed  olrarlj  vuibU  by  the  dart 
alwBjs  floating  in  the  &ir.  Pbcing  between  Lbe  lu- 
miDoiM  focus  ai>d  the  source  of  ny*  our  solution  uf 
iodiao,  tbo  light  of  the  cone  is  entirely  out  «Kay ;  but  tho 
intolenblc  h«st  pxporienced  when  the  hand  in  placed, 
eren  for  a  Daometil,  nt  the  durk  focus,  shows  tliat  the 
-  calorific  rays  pasa  uninipbtli-d  throtigh  the  opaque  Eolution. 
Almost  Knything  that  ordinary  fire  ean  effect  may  be 
•ccompliibed  at  the  focus  of  invisible  rays ;  tlie  air  at  tbo 
focus  remaiaing  at  ifao  same  timu  perfectly  oold,  on  ac- 
count of  ila  transparency  to  thi:  heut-rays.  An  air  ther- 
mometer, with  a  hollow  rock-««lt  bulb,  would  be  unaffected 
by  the  beat  of  tbe  fixius :  there  would  be  no  expansion, 
and  in  the  open  air  there  is  no  oonveoUon.  Tbe  aetlter  at 
the  focui,  and  not  tbe  air,  is  tbe  substance  in  whicb  tbo 
b«Bt  it  embodied.  A  block  of  wood,  placed  at  tbo  focus, 
abiorbB  tbo  beat,  and  dense  volumes  of  smoke  rim  fiiriftly 
upwards,  allowing  the  manner  in  which  the  air  itself 
WDold  rii*,  if  tbe  invisible  rays  were  competent  to  heat 
it.  At  the  perfectly  dark  focus  dry  pujMT  is  instantly 
raflaiped :  chips  of  wood  are  speedily  burnt  up :  lead,  tin, 
aod  zine  arc  fused :  and  disks  of  charred  paper  are  raised 
to  virtd  {ncandeMenoe.  It  might  bo  suppoKod  that  the 
obamre  rayi  would  show  no  prvfcrenoo  for  block  over 
wlut« ;  but  they  do  aliow  a  preference,  and  to  obtain 
npid  combustion,  tbe  body,  if  not  already  black,  ought 
to  be  bbdiened.  When  metala  are  to  be  burned,  it  Ii 
aaooMiT  to  Uacken  or  otherwise  tarnish  them,  so  as  to 
iKiBJlrish  tbdr  reflective  power.  Blackened  sine  foil, 
when  brouight  into  tlio  focus  of  invisiblo  rays,  is  instantly 
noied  to  blaae,  and  bums  witli  {t«  pecullnr  puqiK-  flume. 
Uipiadiim  wire  flattened,  or  tarnished  magnexium  ribbon, 
•]«>  borfta  into  splendid  combostion.  Pieces  of  cbarooal 
wMpBodad  in  a  rrvrirer  full  of  oxyf^O  are  also  Kt  on 
fiffti  the  dark  rayi^  after  ha^'ing  posted  ttirough  the  ro- 
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cetver,  stilt  poeBeeeiog  &ufEei6itt  power  to  igoite  the  chai- 
coal,  uul  tbuB  initiita  th«  attack  of  tlto  oiTgeo. 
iustcftd  of  boiog  pliint^r^l  in  oxygrn,  tlic  ctisrconl  be  nu 
pcndcd  JD  riieiio,  it  itain<!iliul«ly  glow:*  at  tlic  place  wlie 
tke  focus  falls. 


:in^ 


8.  Tranamutalion  of  Jtayg : '  Calorucenec 

Eminent  esperimenten  were  long  occupied  in  dcmon- 
etrating  the  eubetantial  identity  of  bgbt  and  radiant  heat, 
and  wo  have  now  the  UKiaue  of  ofTorlng  a  new  and  ebikin, 
proof  of  this  identity.  AcoDoavo  mirror  produce*, beyoO' 
tlM  ol>ject  which  it  reSecta,  an  inverted  and  magni 
image  of  the  object ;  withdrawing,  for  example,  our  iodin« 
volution,  an  intensely  luminoiia  inverted  imago  of  lb« 
carbon  points  of  the  olcctiic  light  is  fonn«<:)  at  the  focui  ol 
the  mirror  employedin  the  forgoing  ezperimenu.  When 
the  solution  is  interposed,  and  the  light  is  cut  away,  what 
hocomcs  of  this  ima^?  It  disappears  from  sight;  bat  ad 
iuvisihlc  tbormogniph  remains,  nnd  it  is  only  the  poculiai 
constitution  of  our  eyes  that  difqualilie!)  us  from  sedng 
tho  picture  formed  l^  the  calorilic  rays.  FuUiug  on  white 
paper,  the  Image  ohars  itself  out :  falling  on  black  pepett 
two  holes  are  pierced  in  it,  oorreeponding  to  the  images 
oftlic  two  coke  points:  but  falling  on  a  tbin  plate  of  car bo^H 
in  vacuo,  or  upon  a  thin  sheet  of  platinised  platinum,  eitho^H 
in  vacuo  or  in  air,  radiant  heat  is  converted  into  light, 
and  the  image  stamps  itself  in  i,-ivi()  incoadcMence  upoo 
botli  tlio  oarboD  and  the  metal.  Rexults  similar  to  tboce 
obtained  with  tlie  electrio  light  have  aUo  been  Dbtatned 
wit'ii  the  invisible  rays  of  the  lime-light  and  of  tho  sun. 

Before  a  Cambridge  audience  it  is  hardly  necessary  to 
r«fer  to  the  excellent  researches  of  ProfeMor  Stokes  at  the 

'  1  lon««  tlu«  Umn  frcon  iVo&Mor  Challta,  'PUInopluoBl  MsKnsnv, 
nL  sK.  p.  m. 


BADUTIOH. 


47 


ante  end  of  the  spectrum.  The  above  results  oonsUtitte 
•  kind  of  com[>l«meDt  to  hU  diEcoveries.  Frofosor  Stokes 
aimed  the  phenomena  whic)i  lio  hM  discovered  &nd  io- 
Twtignti^  fluorescence ;  for  the  new  pliiMioinfuu  l>ere 
dc«cribed  I  have  propoeed  the  term  Cal0rt$^nce.  He, 
by  the  interpaBition  of  a  proper  modituD,  eo  lowered  the 
r«&«i)gibUity  of  the  ultra-violet  rays  of  the  spectrum  as 
to  render  them  visifalc.  Here,  by  the  interposition  of  the 
platinum  foil,  the  refrangibility  of  tho  ultra-red  rare  is 
_M  exnltcd  u  to  reader  them  vinihk-.  T^Kiking  through 
pri«m  at  the  lacaudceoeDt  image  of  the  oarl>ou  puinlx, 
li);ht  of  the  inu^o  is  decomposed,  and  a  complete 
rum  ohtainnl.  Tlie  invisible  rays  of  the  electric  light, 
ramnuldod  by  tlw  atoms  of  the  pUitiniun,»liiiie  thiitt  vlribly 
foith ;  ultra-red  rays  being  converted  into  m),  orangiT, 
lov,  green,  blue,  indigo,  violet,  and  ultm-violet  oix^ii. 
Duld  we,  moreover,  raiw  the  original  source  of  rays  to  a 
iScieutly  high  tcmpcmture,  wo  might  not  ouly  obtain 
am  the  dark  my»  of  such  a  Rourco  a  single  iuciuidefoent 
image,  but  from  the  dark  rays  of  this  image  we  might  obtain 
a  svcood  one,  from  the  dark  rays  of  the  second  a  third, 
and  fo  on — a  scriet  of  complete  images  and  spectra  being 
thus  extracted  &om  the  in>-jsih1e  emiKsion  of  the  primittve 
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■  OniiiTtrtlgatuigHwgaloHWwproliKBlbriaratmnmiiitBlUiwinli 
|1n-rrf  -f  ~r' —  mfattt*,  It  wasfcmd  that  in  tliemaof  otitAin  tpeeii«D« 
(/Um  (Um,  iJuphltmin  (nl  ^owcd  vitha  fiiiik m  pvtyHJt  light.  Tha 
di^  «^  wt  DiiaiictiTc,  atiil  caotUtcMlaaa  of  olivioun  i»umt  an  tag- 
ftatai  l>T  it  Di Anot  kiad*  «f  bUdt  f Um  diBcT  nt^uMf  w  to  their  ponr 
BrtimMiniUiBi  ndUathrwt.  Is  thin  plntra  tr^moUnniptraiu  tinttlMaati 
*U  k  KrvnUi  ha* :  Oihtr*  m»k»  h  n|>|iMr  a  Kla«io«  nd  wiilicnil  nor 
liwv  o(  enan.  Tb*  Utior  are  Ui  mncv  ilutbwiaK  ihau  th«  fomiDr.  In 
ho,  outioa  vWa  ptrfnctl;  <titH>lT«l,  aod  inrarrioraial  irith  a  Rool  whila 
fk«,  b  bfflil;  tnua[<iu«at  to  Uia  (alonde  njt,  and  b;  empl^ng  H  ai  an 
•IflortiiB*  iba  fhaiooianaof  ■  alonacoM* '  ma;  be  <>)itiiii»d.  ibuugb  ia  a 
Imh  alrikim  Itaw  Ikan  ■ilb  tb*  iodtno.  Thv  bUck  jtlau  tbnavn  fur 
thif  imi*«r»i  ud  inunJtd  lo  aUcH)  tnmpM*!;  tha  (oLir  hmt,  ma;  *n< 
f  btl  ia  tl>*  e*  joct.  If  Uw  gbaa  in  whkh  Uia  mrlmi  u  tncorponUcd  )it  ■ 
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9.  DtadnetB  of  the  OpHe  Jferw  to  the  Calorific  Rat/B. 

Tlic  layer  of  iodine  uaed  in  the  foregoing  upenments 
iiiteioopted  tli«  ra^H  of  ttio  noonctnjr  nun.  No  treee  of 
light  fi'om  tli«electTic  lamp  wa.4  viftible  in  th«  darkest  room, 
evon  wLpn  n  white  screoa  n-as  placed  at  the  focus  of  tho 
mirror  employod  to  oonocntrate  tho  light.  It  wa«  tJtougliti 
hdwuror,  that  if  the  retiua  itsulf  wvto  brought  Into  tb4 
focuii  the  sensatioD  of  Ugikt  miglit  be  experienced.  Tfae^ 
daugei  of  this  espcriment  was  tis>fold.  If  the  dark  rays 
were  abeorbed  in  a  high  degree  by  the  humours  of  the  ey«  J 
the  albumen  of  thu  binnmira  might  coagulate  nlong  Iho^ 
line  of  the  rays.  If,  on  the  coutmry,  no  such  high  atworj^ 
tion  took  place,  the  rays  might  reaoh  the  retina  with  a 
foroo  sufSci«ut  to  dostroy  it.  To  test  tJie  likelihood  of 
thete  rtisults,  experiukeiiti  w«re  made  on  water  and  on  a 
solution  of  alum,  and  tltey  showed  it  to  bo  very  improbablo 
that  in  tbo  brief  time  requisite  for  an  experiment  any 
forious  damage  could  be  done.  The  eye  was  therefore 
caused  to  approach  the  dark  focufi,  do  defenoo,  in  the  Gn( 
iostanoo,  being  provided ;  but  the  h(«t,  aeling  upon  tlto 
part«  furruuiuliug  tlie  pupil,  could  not  Ih:  l>om<T.  Au 
aperture  was  thorefoi-e  pierced  in  a  plate  of  metal,  and 
«yo,  placed  behind  tlw  aperture,  was  caused  to  approachi 
the  point  uf  coavei^eDtc  of  iavi«iblo  rays.  Tbo  focus  was' 
attained,  firrt  by  the  pupil  and  aflorwanU  by  thu  rotina. 
lUimonng  the  eye,  but  permitting  the  plate  of  metal  to 
remain,  a  sheet  of  platinum  foil  was  placed  in  the  position 
occupied  by  the  rvtona  a  moment  before.     The  platinum 

eoIosrUH.    To  noilrr  iho  bnlb  of  k  tbMtKMHbt  ■  ptiAct  akKitMat,  (lu 
t  niglil  in  iha  fint  laabiaw  U  bt  ifn*a.    Seem  nftw  the  iIIuotbi;  of 
Uw  Ula  Dt:  Waiiuii  Allon  MUUr  pnlntod  (o  iha  lim»ll|^ 
t»  lUiutnlion  «f   fiallal  nftaaeiUlilf.     Cirict   axpcrinsnU  hvn 
dac«  «Btlrtl]'  coaCrnud  lb*  rlow  »T]ii>wtd  Ht  pW  1"*  ^  1''*  "o^k  on 
'  <0lianialt7  '  iniUifkd  ia  ISAL 
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Wune  red-hot.  Ho  wnribls  tUunuge  was  done  to  the  eye 
iiy  thU  esptniiDwnt ;  no  impnwcioii  oF  ligbt  uru  produced; 
tfac  optic  ncrvo  tru  not  uvea  conscioiu  of  hc»t. 

But  Um  Itumoun  of  the  eje  are  kuovm  to  bo  kigblj 
impcrvioua  to  the  iaviahle  calorific  ra^  and  thv  question 
tberefore  arises,  *Did  tho  mdiatioo  in  the  foregoing  cxpr>- 
rifncnt  reach  the  retina  at  all  i"  The  an«wer  is,  that  llm 
njn  were  in  jmxt  trantmittod  to  the  retina,  and  in  part 
abeotbed  by  th«  hutnount.  KxperimcnU  on  th«  eye  of  an 
OS  Hhowcd  thftt  the  proportion  of  obtcure  my«  wbicti  rcschud 
tho  mtina  amounted  to  !B  per  cent,  of  the  total  radiation ; 
•rhili!  the  luminous  enuseiosftom  the  electric  U^ht  amounts 
In  UQ  more  lluin  10  per  cent,  of  tho  eame  totAl.  Were  the 
purely  luminoua  mjs  of  the  electric  lamp  converged  by 
our  mirror  to  ■  focus,  there  can  be  no  doubt  as  to  the  fate 
of  a  rciina  plaoe<l  there.  ltd  ruin  wnuld  bo  inc^-itublc ; 
and  yet  tbii  would  be  accompliahed  by  an  amount  of  ««vo> 
nurtion  but  little  more  than  half  of  that  which  the  retfna 
bvarft,  without  exciting  conKiotisnese,  at  the  focus  of  tn- 
TixiUo  nya. 

This  subJMTt  will  repay  a  moment's  further  attention. 
At  a  common  distance  of  a  foot  the  visible  radiation  of 
the  elKrlric  light  1b  800  time*  Uio  llglit  of  a  candle.  At 
tlw  man  distance,  the  portion  of  the  mdiation  of  the 
vleotrle  light  which  reaches  the  retina,  but  fails  to  excite 
viilon,  is  about  1,500  tinws  tho  luminous  radiation  of  tho 
candle'  But  a  caudle  on  a  cb^ar  night  can  readily  bo 
•eeo  at  a  df«tance  of  a  mile,  its  light  at  this  distance 
b^ng  loa  than  ^-^  of  its  light  at  tlie  distance  of  a 
font,  HenoG,  to  make  the  candle-light  a  mile  off  eqnal 
in  power  to  the  non-luminous  radiation  received  lironi  tlie 
^ectrio  ligbt  at  a  foot  distance,  its  intensity  would  have 

>  U  win  Iw  bocM  U  wnwd  (bit  lhsItMt*likbu]rm]r.l>u^>u>D'i>tM«i* 
ia  eootftUM  la  pnosta  \t  Uie  Um  mauun  it  lbs  t^fgj  of  Uw 
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to  be   multiplied   b;  1,500x2(^000,000,  or   by   Uurt;- 
thauaand  miUiottt.     Thus  1  bo  thirty  tfaoiisaud  mittionthl 
jMut  of  tbo  iDTtdblc  radiation  from  tho  doctrio  light,  i 
reived  hf  th«  retina  at  th«  diitance  of  ix  foot,  would,  if 
HligbUy  (Jianged  io  character,  be  amply  siifficieat  ti>  pro- 
voke vision.     Nothing  could  more  forcibly  illustrate  that 
special  relationship  suppond  by  )I«llom  mtd  others  to 
subetKt  betwcim  lh<;  optio  iii-rvo  and  tbo  oscillating  periods      i^ 
of  luniiuoua  bodies.    The  optic  Derre  recpoods,  as  it  wcre,H| 
to  the  navea  with  which  it  is  in  consonanee,  while  it  ^u 
refuses  to  be  excited  by  others  of  almost  infinitely  greatct 
energy,  whou  periods  of  recurrcnco  are  not  in  unison 
with  its  own. 


10.  Peniatgttee  of  Rnya. 

At  an  early  part  of  this  lecture  it  was  affirmed,  that 
when  a  platinum  wire  was  gradually  raited  to  a  state  of 
high  incandescence,  new  rays  wore  constantly  added, 
while  the  intensity  of  the  old  ones  was  increased.  Thitt, 
in  Dr.  Draper's  oxperiments,  the  rise  of  tcmporatiire  that 
generated  tixo  orange,  yellow,  green,  and  Uue  augmgniei 
the  inteasitj  of  the  red.  What  is  true  of  the  red  is  tnu  ii 
of  every  other  lay  of  the  spectrum,  visible  and  inrisiUe.  ^| 
We  cannot  indeed  sm  the  augmentation  of  intonstty  in  ^ 
the  region  beyond  the  red,  but  wo  con  mcasiire  it  and 
express  it  ntunerieolly.  With  this  view  the  following 
cxpcrirai-iit  was  performed :  A  spiral  of  platinum  wire 
wiis  Kiirriiunded  by  a  small  glass  globe  to  protect  it  from 
currents  of  air ;  through  un  orifice  in  tbe  globe  the  nys 
oould  para  from  the  spiral  and  &U  afterwards  upon  a 
thermo-electric  pile.  Placing  in  front  of  tbe  orifice  an 
opaque  solution  of  iodine,  the  platinum  was  gradually 
raised  from  a  low  dark  lirat  U>  tJin  fullest  inoande«ceuoe, 
with  the  fiOlowing  njjiiiltjt :— 
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Thus  tiie  augnwaiUtioD  of  the  electric  current,  which 
nitea  tho  wire  from  iU  primitive  durk  coodition  to  an 
inteo»e  vhit«  heat,  exalto  at  the  nra«  time  the  energy  of 
the  obwmre  radiatioii,  antU  at  th«  end  it  i*  full;  440 
tinMa  what  it  was  at  the  beginning. 

What  baa  been  here  proved  tme  of  the  totality  of  the 
oltrs-r^d  iSTS  is  true  for  each  of  them  singlr.  Placing 
our  linc«r  thermo-electric  pile  in  an;  juart  of  tbe  ultra-ml 
^kcctium,  it  may  be  proved  tluit  a  ray  once  cmilted  eon- 
tinuea  to  be  emitted  with  incretucd  energy  an  tJ>e  tem- 
perature ia  augmented.  The  platinum  spiral,  ao  often 
referred  to,  being  raised  to  whit«ii«s5  by  an  electjic  ounent, 
a  lailliant  spectrum  was  fonm-d  from  its  light.  A  linear 
tbeixoo-electric  pil«  was  pUovd  in  thv  region  of  obscure 
nyi  beyond  lliv  red,  and  by  diminialiing  the  current  the 
spinJ  wna  reduced  to  a  low  temperature.  It  waa  then 
Muped  to  pass  tbrough  rarioua  degrees  of  darkneae  and 
ibcaiiJncence,  with  tbe  following  results : — 
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Here,  M  tn  U»e  former  «a»e,  the  d&rk  And  brifcfat : 
diationa  reached  their  iDaximum  together;  as  the  oiiB^ 
augfrneoted,  th«  other  augmi^Dtod,  until  at  liist  the  cDcrgy  ' 
of  the  ob«curo  rnys  of  the  particular  refiat^lulit;  fa«re 
oboMO,  bccM&e  122  times  what  it  was  at  GraU  To  reach 
a  white  h«at  the  wire  has  to  pass  throuj^h  all  Ibe  stag«a 
of  invuible  radiation,  and  in  its  most  brilliant  condition 
it  embrac«!i,  in  an  inUiuaified  form,  the  mjM  of  all  Uiow 
stages-  J 

And  thus  it  i«  with  all  otlivr  kindu  of  matter,  as  &i^| 
as  Ut^  have  hitherto  been  examined.  Coke,  whether  ' 
brought  to  a  white  hent  by  the  electric  current,  or  bjr 
the  oxyhydrogMi  j«t,  pours  out  iuvisible  rajs  with  aug- 
mented energy,  as  its  light  is  increased.  The  same  is 
tnie  of  lime,  bricks,  and  other  mbstoncee.  It  is  true  of 
all  metals  which  nr»  <-apa1>le  of  being  heated  to  incan- 
desccncft.  It  aUo  holds  good  for  phonphorus  burning  in 
oxygen.  Every  gush  of  daexling  light  hait  ajEinciated 
with  it  a  gush  of  invisible  ladiont  heal,  which  far  tran* 
soenda  the  light  in  enci^.  This  condition  of  things 
applies  to  all  bodies  capable  of  being  raised  to  a  vrbit« 
heat,  cithvr  in  the  solid  or  the  molt^^  condition.  It 
would  doubtless  also  apply  to  the  luminous  fogs  formed 
t>y  the  condensation  of  incandesoent  vapour«.  In  such 
ca*a  when  the  cuT%'e  reprwenting  the  radiant  energy  of 
tho  body  is  constrtictcd,  the  obsctuc  radiation  tewers  up- 
wards like  A  mountain,  tlie  tuminoiu  radiation  reacmblin!; 
a  mere  spur  at  its  base.  From  the  very  laightncu  of  tho 
light  of  aome  of  the  fixed  stars  ve  may  infer  Uie  intvnsiL] 
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of  that  dark  TadiatioD,  which  iv  tbe  prccureor  and  iasep»- 
ntie  taaacinte  of  their  luminotu  ntju. 

We  thus  fiDd  the  lumiDoua  radtntion  appearing  when 
tli<>  nulianl  body  has  attained  a  certain  temperature  ;  or, 
in  oth*r  words,  when  the  vibrating  atoms  of  tlie  body  have 
atlaioed  a  certain  wi<Uh  of  Hving.  In  solid  and  molten 
bodiea  a  certaia  aropUtudii  cannot  be  Ktirpiuted  without 
tbe  inUoduction  uf  ptiriod*  of  vibration,  wliich  provoko 
tlie  lettM  of  vision.  How  are  wa  to  ti^iira  this?  If 
penniUed  to  speculate,  we  might  baV,  are  not  these 
more  rapid  vibrations  the  progeny  of  th«  slower?  Is  it 
not  mllj  tlM,>  mutual  adiun  uf  Lliu  atoms,  wlieo  tbejr 
nrii^  through  vory  wide  spnovs,  aud  thus  cucronch  upon 
each  other,  that  causes  them  to  trcmblv  iu  ()uick<;r 
periods?  If  so,  whatever  \»  Ibe  agency  by  which  thn 
swinging  space  is  obtained,  we  shall  have  light- 
iving  vibrations  a&tiociat«d  with  it.  It  milters  not 
whether  the  large  amplitudes  be  produced  by  the  strokes 
of  a  hcmnter,  or  by  the  blows  of  the  moWulos  of  »  noo- 
InmiOQUB  ga«,  c«icb  ilk  the  air  at  some  height  above  a  gas- 
fiam«;  or  by  Uie  shock  of  the  aether  particles  when 
tranimittiRg  radiant  heat.  The  result  in  all  cnsos  will  be 
inamdoMence.  Thus,  the  invisible  waves  of  our  filtered 
dsetrie  beam  may  be  regarded  as  g«nemting  synchronous 
*n>ratioii!i  among  the  atoms  of  the  platinum  on  which 
thry  impinge ;  but,  once  these  vibrations  have  allaimyt  a 
tvrtain  amplitu^,  the  muttial  jostling  of  the  atoms  pro- 
do«>9  quicker  tremors,  and  the  ligbt-givinj;  waves  follow 
as  the  necessary  product  of  the  heat-giving  onoa. 


II.  AtHitrrptivn  of  RiuliafU  Beat  by  Vapours 
n)td  Odtnin. 


I  Vfe  commeneed  tJie  demonstrutions  brought  forward 

I     to  Ibis  laolure  by  (tsperiments  on  purmancnt  giw^,  and 
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w*  hsve  now  to  turn  our  attention  to  the.  vapours 
volatile  Ui)iii(l(.  Here,  as  in  the  case  of  ttie  gaxes,  vaat^ 
differences  have  been  [Hroved  to  exist  between  various 
kinds  of  uolecalea,  aa  Kf^ards  their  power  of  intercepUof; 
tiic  calorific  waviM,  While  Mine  vapours  allow  the  wavm 
a  comparativoly  free  psMBgi^  the  minutest  bubble  of  other 
vapours,  introduced  into  tJie  tuhe  aircady  employed  for 
gaaec,  cauMS  a  dcBecUon  of  the  magnetic  neollc.  Amitn- 
ing  the  absorption  effected  by  air,  at  a  preMiire  of  one 
atmosphere,  to  be  unity,  tJie  following  are  the  ab»orpt  ions 
ftSected  by  a  seriee  of  vapours  at  a  preesuie  of  ^tb  of  an 
atmo^here  :— 

Saat  id  n^BT 
BtnlphiJa  of  cubga  .        .        .41 

I«dldo  of  i&Nl^ lt& 

Btmol lU 

Amjlan* Stl 

SvlpbiiriG  (AlMr 4tO 

romiMftiitr AM 

AntittOtu 9t> 

Kisulpfaide  of  carbon  i»  tlte  moat  transparent  vapour  : 
this  list ;  and  acetic  etber  the  moot  opaque;  ^th  of  an 
atmosphere  of  the  former,  bowev(>r,   produces  47  times 
the  eOect  of  a  whole  atmosphere  of  air,  vbile  y^tb  of  nn^ 
atmosphere  of  the  latter  produces  612  times  the  effect  <4^M 
a  whole  atmosphere  of  air.     Reducing  dry  air  to  the  pre«- 
nire  of  the  aoette  ether  hero  employed,  and  comparing 
them  theu  together,  the  quantity  of  wave-motiou  inter- 
cepted by  the  etber  would  be  many  tbousaQd  timet  that 
intercepted  by  the  air- 
Any  one  of  these  vapours  discharged  into  the  free  atmo- 
sphere, in  front  of  a  body  omitting  obscure  rays,  intercept 
more  or  Icm  of  Die  radiation.     A  Himilar  effect  is  pr 
duoed  by  perfumes  diffused  fn  the  air,  thou^^  thmr  at 
t«nuatioD  is  koown  to  be  almost  infinite.     Carrjing, 
example,  a  current  of  dry  air  over  bibulous  paper,  moii 
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flsad  by  patchouli,  tl»  scoot  taken  up  by  the  ounent 
Abacabe  30  tlmrs  tlw  <iuatitity  of  h«at  intcroeptCKl  hf  the 
air  which  cnrriiss  it;  and  yet  patclioiili  act*  more  feebly 
00  nuLiaut  heat  tlian  any  othor  porfuine  yet  examined. 
Hrrft  follow  the  reeulta  obtained  with  various  oseDtial 
lHlJ^  the  odour,  in  each  case,  being  carriod  by  a  current 
of  dry  air  into  tbe  tube  already  employed  for  guca  and 
npaon ; — 

JU»»<f»ICllllM  AteopUM 

ruchMU so 

flaadal  «wd M 

Owmnimn               •        ■        •        >        .  SS 

0a<if4«rM 81 

Otto  «f  MM* 37 

Brasamot ** 

NwoU «7 

UTMdw M 

Zmwb 6« 

PMtnipl 57 

•Thjm* » 

Rdmrwit T4 

Otl«fl«afBl 80 

CMDomtoflovwa B7 

Caal» 10B 

SfiluiMtd ZM 

AniMcd s;i 

Thus  Um  aliaorption  by  a  tube  full  of  dry  air  being  1, 
that  of  the  odour  of  patchouli  diffused  in  it  is  30,  that  of 
lareodcr  60,  tliat  of  rcnemary  74,  whilst  that  of  aniseed 
unounts  to  372.  It  would  be  idle  to  speculate  on  the 
quantities  of  matter  coocemod  in  these  actions. 


12.  Aqviou*  Vapour  in  reloHan  to  the  Temaivial 


Wo  are  now  fblly  prepared  for  a  result  which,  without 
ndi  pr^wration,  might  appear  incredible.  Water  is,  to 
•DOW  extent,  a  volatile  body,  and  onr  atmoaphere,  restini; 
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u  it  does  upon  tbe  mirGooe  of  the  ocean,  receives  fr«n  it 
a  continual  supply  of  aqueous  vapour.  It  would  be  an 
error  to  confound  clouds  or  fog  or  nny  Tjgiblc  mi«t  with 
tho  rapoiir  of  water:  thin  vapour  in  a  pcrf(x;Uy  impal- 
pable gas,  diffusod,  even  on  the  clearest  days,  throughout 
ttio  atmosphere.  Comparted  with  th<;  great  hody  of  tha 
air,  the  aqii«flt»  vapour  it  contains  in  of  almost  infini- 
tesimal amount,  99^  out  of  avciy  100  patta  of  the  atmo- 
sphere being  composed  of  oxygen  and  nitrogen.  In  the 
absence  of  experiment,  we  should  never  think  of  ascribing 
to  this  Bcant  and  varying  constituent  any  important  in- 
flucTico  on  terrestrial  radiation;  and  yet  its  influence  i<fl 
far  more  potent  than  that  of  the  great  body  of  the  air." 
To  i>ay  that  on  a  day  of  average  humidity  in  England, 
the  atmospheric  vapour  exerts  100  limes  tiio  action  of 
the  air  itself,  would  certainly  be  an  undentatement  of  tho 
fiict.  The  pcvuliar  qualities  of  this  vapour,  and  tbe  cir- 
4!umsla»ce  that  at  ordinary  tcmpcnitures  it  is  very  near  it 
point  of  ooodenfntion,  render  the  rexults  which  it  yicjd)] 
iu  the  apparatus  already  described,  less  than  tlie  truth ; 
and  T  am  not  prepared  to  say  that  the  aheorption  by  this 
substance  is  not  300  times  that  of  the  air  in  which  it  is 
diffused.  Comparing  a  single  molecule  of  a<{»eous  vapour 
Willi  an  atom  of  either  of  tlie  main  oomtituenta  of  our 
atmosphere,  I  am  not  prepared  to  say  how  many  thou- 
sand times  tbe  action  of  the  former  exceeds  that  of  the 
latter. 

But  it  must    be    borne  in  mind   tint  these 
uuiubera  depend*  in  port,  on  the  extreme  feeblencM 
tlie  air  i  the  power  of  aqueous  vapotir  seem*  vast,  because 
that  of  the  air  with  which  it  is  compared  is  iuSniteaimsL 
Abioluteiy  considered,  however,  this  substance,  notwith- 
standing its  small  specific  gravity,  exercises  a  very  potnnti 
ai-iion.     Probsibly  from  10  to.  Ifi   per  cent,  of  the  heolii 
radiated  from  the  earth  is  absorbed  within  10  or  aOfee&i 
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tt*B  Burfaoe.  This  must  evidently  b«  of  the  utmost 
'wtueqaeace  to  tko  lifo  of  the  world,  ImagiDe  tho  super- 
fiaal  moWculufl  nf  tliu  eortii  ticmbling  with  ttiv  motitHi  of 
liMt,  mad  iapUTtiug  it  to  ths  vurrounding  aether ;  thi« 
tnotion  would  l>e  carried  rapidly  away,  and  louL  for  ever  to 
ptaoet,  if  tbe  wavee  of  aether  bad  notbinf;  but  the  air 
'  coDtend  witb  in  their  outward  coarse.  Cut  the  aqueous 
■pour  takes  up  tb«  motion  of  the  acthvreal  waves,  and 
iJiervby  bcut<.tl,  Ihiw  wrapping  the  earth  like  a 
■arm  gannvnt,  iind  protiwting  iti  «ur&<!«  from  the  d«>udly 
11  which  it  would  otherwiM)  nutain.  Various  philo- 
Dpliors  have  speculated  on  the  influence  of  au  atmoapherie 
ftvetupe.  De  Saussure,  Founer,  M.  Pouillet  and  Mr. 
llopkint  have,  one  and  all,  enriched  scientific  literature 
with  eoolributions  on  this  Mibjcdi  Imt  the  consideiations 
which  Iticce  vminvnt  fni;ii  liavo  applied  to  atmospheric  air, 
av«,  if  my  eipenments  be  correct,  to  ^x^  tratMfvrTcd  to 
aqueous  vapour. 

The  abeerrationa  of  met<oroIogisU  furnish  important, 
thoDKfa  bitberto  iincon<cious,  evidence  of  th«  influence  of 
this  BgcuL.  ^Sliererer  the  air  is  dry  we  are  liable  to 
daily  exlxemrs  of  temperature.  By  day,  in  such  places, 
(he  sun's  heat  reaches  the  earth  unimpeded,  and  renders 
tlifi  maximum  high;  by  night,  on  tbo  other  hand,  the 
earth's  beat  escapes  unhindcn-d  into  t>pacv,und  rendcrsthe 
minimum  low.  Huacu  the  difference  lictween  tbe  maxi- 
mum itud  minimum  is  greatest  where  (he  air  is  dncsU 
In  the  plains  of  India,  on  tbe  heights  of  the  Himalaya, ' 
in  central  Asiii,  in  Australia — wherever  drought  reigns, 
we  bavo  the  heat  of  day  forcibly  contrasted  with  the  chill 
loT  DigbL  In  tlin  Sidiaru  itself,  when  the  nm's  ruys  evase 
impinge  on  tbe  burning  soil,  the  (rmpcraturc  runs 
ipidly  down  in  freeung,  because  there  is  no  vapour  over- 
to  oiieclc  the  calorific  drain.  And  here  anotlier 
imiUflDc  might  be  added  to  the  numbers  already  known, 
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in  which  naUiro  t«Dd>  u  it  were  to  dieck  bcr  owd  exceM. 
Bj  Doctiinia)  refrig«mtioa,  the  ai^iieouii  vapotir  of  tbe  air 
is  ooniJ':n*i?(1  to  wntiT  nn  tlie  suHaoc  of  the  earth  ;  and,  as 
(lulj  the  Gupcrticial  portions  radinlQ,  tlto  act  of  condoiua- 
tioD  makc«  water  tbo  mdiatuig  body.  Now  cxperitncBt 
proves  thnt  to  th«  ny»  vmittad  bj-  wutcr,  aqueous  vapour 
in  (specially  opaque.  Hence  the  rerj  act  of  condensatioDi 
consequent  on  t«TTBstrial  cooling,  becotnea  a  safeguard 
the  earth,  imparting  to  its  radiation  that  particular  cl 
racter  vbidi  rcndors  it  moft  liable  to  l>e  prcvpotod 
escaping  into  Rpocc 

It  might  however  be  titled  that,  intuinucli  at  V« 
(Jerive  all  our  heat  bom  tho  sun,  tho  eclfsame  covering 
which  protocta  tba  earth  from  ebill  must  also  shut  om 
llie  solar  radiation.  This  ts  partiallj  true,  but  only 
partially ;  tbe  sun's  laya  are  different  in  quality  ftam  the 
earth's  rays,  aiid  it  does  not  at  all  follow  that  the  sub- 
stance which  absorbs  the  one  must  necessarily  absorb 
the  other.  Through  a  layer  of  water,  for  example,  one 
t«nt*i  of  an  inch  in  thickness,  tho  sun's  rays  are  tnn»* 
mitted  with  companttive  freedom;  but  through  «  layer 
luilf  this  tliickncM,  an  Mellon!  has  proved,  no  aingle  ray 
from  the  warmed  earth  could  pass.  In  like  manner,  the 
sun's  rays  pass  with  compamtive  freedom  through  the 
aqueous  vupotir  of  the  air :  tl>c  absorbing  power  of  this 
substance  being  mniDly  exerted  upon  the  heat  that 
endeavours  to  escape  from  the  earth.  In  oooMquenee  of 
this  differential  action  upon  solar  and  terrestrial  heat,  tbe 
meaa  temperature  of  oiu-  planet  is  higher  than  is  due  to 
its  distance  from  the  lOD. 
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IS.  Liquids  and  their  Vapours  in  rdaii&n  to 
Radiant  Hwi. 

The  deportment  here  awigned  to  atmoupbono  vapour 
baa  been  establisbed  by  direct  esperiineDts  on  air  takca  J 
From  the  atreeU  and  parks  of  London,  from  the  dovns  on 
Epaom,  from  the  billa  and  Eca-besch  of  the  Isle  of  Wigbt, 
and  also  by  experimpota  on  air  in  the  first  instance  dried, 
and  aftermrdB  rendered  artiticiallj  humid  by  pure  dis- 
tilled water.     It  hns  idso  been  eftabliahed  in  the  foUowiiig 
way  :  Ten  volatile  liquid*  were  taken  at  taudom  and  the 
power  of  these  liiiuidK,  at  a  cMnmon  thickneiia,  to  inter' 
cept  tlie  waves  of  beat,  waa  carefully  determined.    Tbii 
Tapoura  of  the  liquids  were  next  taken,  in  quantities  pro- 
portioaal  to  tlie  quantities  of  liquid,  and  the  power  of  tbe 
vapoon  to  intercept   the  waves  of  heat  was  also  deter 
mined.     Commencing  with  the  substance  which  eze 
the  least  absorptive  power,  and  proceeding  onwards  to  tbe^ 
nott  energetic,  the  following  order  of  absorption  was  ob- 
•erved: — 


'bOD. 


BnlyhU*  «f  cailrta. 

V.pH» 

BinlpludeDtoHl 
Cbloinofni. 

lodkU  (if  moUi}!. 
BmoJ. 

lodida  of  sMtljL 
ladjdo  of  Mhjl. 
Bri»I. 

AB17UM. 

ABlpbniie  cUi«r. 

AmjImml 
SalpbiuiD  Mh«r. 
AoMieMhM. 

FoTMleifWr. 

F«nue«Uur. 

Akahd. 

AltotwL 

Water. 

We  bere  find  the  order  of  absorplion  in  both  casee  to 
b«  the  tune.  We  have  liberated  the  molcculr-f  from  the 
bottda  which  trammel  tbem  more  or  U-r*  in  a  liquid  condi- 
tion ;  but  tbia  change  in  tbeir  state  of  aggregation  does 
not  change  tlieir  relative  powers  of  abaorption.     Nothing 
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rouM  more  clQailr  prove  that  the  act  of  absorpUoa  de- 
\teaAa  upon  the  individual  molecule,  which  equally  aiaerta 
its  power  ia  the  liquid  and  the  gnsooui  rtnte.  Vr'e  may 
assiuedly  ooncludc  from  the  ubovc  ta)>lc  that  the  position 
of  »  rnpour  is  determined  )>y  that  of  its  liquid.  No^t  at 
the  very  foot  of  the  Uitt  of  Itquid^i  atands  uvtier,  signaliaing 
itself  above  all  others  by  its  enormous  power  of  abeorptioii. 
And  from  this  fact,  even  if  do  direct  exp^rimenf  on  the  ^ 
vapour  of  wator  had  over  been  nuul^?,  wc  should  be  en-  ^M 
titjcd  to  rank  thut  vapour  a«  out  mofct  powcrftd  abaorbrr 
of  radiant  heat.  Itn  attenuation,  however,  dimioishes  its 
action.  It  hm  l>een  proved  that  a  sliell  of  air  two  incliea 
in  thiokneas  surrounding  our  planet,  and  saturated  vrith  tfae 
vapour  of  sulphuric  etlier,  would  intercept  Z5  per  cent,  of 
the  earth's  radiation.  And  though  the  quantity  of  aqueous 
vapour  neccvsary  to  nturnto  air  is  much  lees  titan  the 
amount  of  aulphurio  ether  vapour  which  it  can  suetain,  it 
iit  titill  extremely  probable  tliat  the  eslimati:  already  mads 
of  the  action  of  atmospheric  vapour  within  10  feet  of 
the  earth's  sur&co,  is  under  the  martt ;  and  that  we  ara  i 
indebted  to  this  wonderful  substance)  to  an  extent  not' 
accuntcly  dctcrminod,  but  certainly  fax  beyond  what  has 
hiUii^rto  been  imagined,  for  tl»e  temperature  now  cxietiDfr 
at  the  surface  of  the  globe. 
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1 4.  liixiprocity  of  liadiation  and  Abtotption. 

Throughout  the  reflections  which  have  hitherto 
pied  us,  the  ima^e  before  the  mind  has  been  that  of  a 
radiant  source  geoerating  caloii&c  waves,  wliicfa  on  passing 
among  the  EC&ttered  molecules  of  a  gas  or  vapour  wi 
inteic«ptod  by  those  molecules  in  vaiioui  degteeu 
all  cases  it  was  the  traosfereace  of  motion  &om  the  aether 
to  the  comparatively  quiescent  molecules  of  the  gas  or 
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vspooT.    We  hsre  dow  to  ohaoge  tb«  form  of  our ' 
tioD,  and  U>  figure  theae  moleculM  not  rts  alMorbera  bat ; 
tadial/trn,  not  t»  (lie  recipienU  but  aa  tbe  originators  of 
wave-motion.     That  is  to  say,  we  tawst  fi^re  them  vibrar*j 
ting,  and  gmeratiiig  in  Ok  sonrouiKliii^  aether  uodulationi 
wliich  speed  tbrough  it  witb  the  velocity  of  light.     Our 
obJMi  now  it)  to  enquire  wbotbor  Uto  act  of  chemical  oom- 

Dination,  which  prove*  to  potent  as  regards  the  phenomena 
of  obcorplion,  doeK  nut  nlao  manifest  it«  power  in  tbe 
pb«Dom^na  of  ntdiation.  For  the  eiamiualion  uf  thti. 
question  it  is  nMcssarjr,  in  tbe  first  place,  to  heal  our  gaseg  ^ 
and  vapours  .to  th«  same  temperature,  and  then  examine 
tlifir  jmwer  of  dtwbnrgiag  the  motion  thus  imparted  to 
Ibcm  upon  the  aether  in  which  they  Hwing. 

A  Iwated  copper  inll  wax  placed  above  u  ring  gas-'J 
banter,  poMeBoing  a  great  number  of  »mall  apcrtiu%«,  the 
burner  being  connected  by  a  tube  with  vefuclti  containing 
tbe  various  ga£e8  (o  be  examined.  By  gentle  pressure 
the  gasea  were  forced  through  the  orifices  of  the  burner 
against  the  copper  ball,  where  t-ach  of  them,  being  hcato<i, 
nwe  in  an  aaocoding  column.  A  thcrmoelectrio  pile, 
entirely  screoned  off  from  the  hot  ball,  was  e-xpo«icd  to  tbo 
radiation  of  the  warm  gas,  and  while  deflectiou  of  a 
tnngnette  needle  connected  witli  tbe  pile  declared  the 
energy  of  the  radiation. 

*    By  this  mo<le  of  experiment  it  was  proved  that  th« 
•alfimiM  molecular  arnuigcment  which  rondors  a  gas  a] 
powi^ful  ab«orb<!r,  renders  it  in  the  same  dt^^rce  a  pawerwJ 
fid  radiator — that  the  atom  or  molecule  which  is  eom-l 
peteot   to  intercept  the  calorific  waves  is,   in  the  same' 
degree,  competent  to  generate  them.     Thus,  while  the 
■umu  of  elomcntaiy  gaiws  proved  themBclvca  unable  to . 
emit  any  »cn«ible  amount  of  radiant  heat,  the  molcouleai 
of  compound  gases  were  shown  to  bo  capable  of  power- 
ftiUj  diatiirbing  the  surrounding  aether.     Rr  special  modM; 
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of  ezperiraent  tlie  same  was  proved  to  butd  good  for  the 
rapoon  of  foUtile  liquids,  the  radiative  power  of  every 
vkpooT  beiof  fonnd  proportional  to  it«  abeorptiTe  power. 

Tb«  method  of  expcrimont  here  pursued,  tboogfa  not 
of  the  nniplert  chanctrr,  is  still  within  your  gnup.  When 
ftfr  ii  pennitbed  to  nuh  into  an  esluusted  tube,  the  tent- 
penture  of  tl>e  air  is  raised  to  a  deg^ree  equivalent  to  Uic 
vit  viva  extinguished.'  Such  air  is  said  to  be  dynami- 
cally heated,  and,  if  pure,  it  ebows  it«etf  iQeon)pct«nt  to 
radiate,  even  when  a  rodc-salt  window  is  provided  for  the 
passage  of  it«  rays.  Bub  if  instead  of  being  empty  the 
tube  contain  a  small  quantity  of  rnpour,  then  the  warmed 
air  will  eoinmiinicabe  beat  by  oontaet  to  tba  vapour, 
which  will  be  thus  enabled  to  radiate.  Thus  the  molcculM 
of  the  vapour  convert  into  the  radiant  form  the  bnit 
imparted  dynamically  to  the  atoms  of  the  air.  By  this 
prooMK,  which  I  ha\-«  oallcd  Dynamic  Radiation,  the 
radiative  power  of  both  vapours  and  gasea  bas  been  de- 
termined, and  the  reciprocity  of  their  radiatjon  and  ab- 
sorption proved.' 

In  the  exeellent  researches  of  Leatie,  De  la  Proroataye 
and  Desains,  and  Balfour  Stewart,  tbe  reciprocity  of 
radiation  and  absorpUoo,  as  regard*  aolid  bodies,  has  been 
variotuly  Jlliutrated;  while  the  labour*,  Uicorvtical  and 
eiperimental,  of  Kirchhoff  have  given  Diis  subject  a 
wonderful  expansion,  and  onricbed  it  by  applications  of 
the  highest  kind.  To  their  re«ilta  are  now  to  be  added 
the  foregoing,  whereby  gaacs  and  vapours,  which  hare 
been  hitborto  thoiiglit  inaccessible  to  experimeiit«  of  thi< 
kind,  are  proved  to  exhibit  the  duality  of  radiiition  and 
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'  8m  jt»  tl  fn  a  dirRiiillMi  d  w  i^. 

*  WhM  ha«t«d  tit  ttnput»  iu  <iio6oa  U  aaodiet  gu  or  TifoVi  *te 
UusteMe*  et  1mm  ii  MoenpsnUd  t^  a  tiuagt  erf  Tibniing  poiod.  T6a 
E^«udM  BadUtlan  cf  mpgan  i»  raoAmd  pMriUc  by  tht  tmuamUtlini  U 
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tbMTptioD,  tJie  infioence  of  chemic*]  oombinstioii  od  boUi 
being  exhibit«1  in  the  most  deoUire  und  cxtraoidinuj 
way. 


15.  JnJIuenee  of  VUmUing  Period  and  MoUcadar  Forfn. 
PhyaiaU  Analyt\»  of  the  Human  Breath. 

In  Uio  foregoii^  cspcrimento  with  gueos  and  vapours 
ve  have  employed  tbrougliout  ii)vi«iblu  nys:  «cim«  of 
theae  bodies  are  so  imperrious,  that  in  Icng^hn  of  a  few 
(mA  only  they  intercept  ereiy  ray  as  effectually  as  a 
layer  of  pitch  would  do.  The  Eubetanc»,  howpvor,  which 
ibow  themaclvui  Uius  opaque  to  radiant  heat  are  perfectly 
tiaiuparcat  to  light.  Now  tho  rays  of  light  differ  from 
tboae  of  invisible  heat,  only  in  point  of  period,  the  former 
Cilltng  to  affect  thd  retina  becaiue  tlicir  periods  of  recur- 
rence axe  too  hIow.  Hc»c«,  in  •ome  way  or  other  tim 
transporenoy  of  our  gAsea  and  vapour*  depend*  upon  the 
periods  of  the  waves  which  impinge  upon  them.  What 
is  tbe  Dfttore  of  this  dependence  7  Tlie  admirable  re- 
■earehes  of  Kircbhoff  help  as  to  aa  answer.  The  atoms 
and  molecnlcM  of  every  gas  have  certain  definite  rut«s  of 
oBoUlatioa,  and  tliOM  waves  of  aether  arc  most  copiously 
abtorbed  whose  priods  of  i«>ciuTeac«  ^chronitc  with 
tbe  periods  of  the  moI(«uIea  amongst  which  they  paw. 
Hiiu,  whoi  we  find  the  invisible  rays  ab9orh.»l  and  the 
visible  ones  transmitted  by  a  layer  of  gas,  we  coaelude 
that  the  oscillating  period)!  of  the  gaseous  molocules  co- 
incide with  those  of  tlie  invbiUr!,  and  not  with  thoro  of 
the  visible  spectrum. 

It  reriuires  some  discipline  of  the  imagiualiun  to  form 
ft  ele«r  picture  of  thit  procen.  Such  a  picture  is,  however, 
poidblo,  and  ought  to  be  obtained.  When  tho  waves  of 
Mlber  impinge  upon  molecules  whoso  period*  of  vibration 
ooiaclde  with  the  recurreoce  of  tiie  undulations,  the  timed 
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the  nvn,  Iba  Tilntion  of  the  i 
•s  a  bts«7  pcndulniQ  is  act  la  tnoUoi)  by  wcU- 
timed  poffii  of  fanstli.  Millioos  of  tnillions  of  diocks  ue 
iBOMWd  eveij  wtoood  &om  Um  ealoriSe  wavM ;  aitd  it  tt> 
not  difficult  to  aw  th&t  as  tvtrj  mtvc  arrivn  jurt  in  time 
to  npeaA  the  nttiaa  of  its  pcedeoewor,  thti  ntolecttivs  niiut 
Goall^  be  eaiued  to  smug  tliTon^  wider  spaces  than  if 
tbe  kirirala  were  not  aa  timed.  la  &ct,  it  is  not  dii&ciill_ 
lo  M«  that  aa  aatnnUagc  of  moleealec^  operated  upon 
iwmtfnding  mvat,  might  nmaia  pnetically  qiiic 
Tfaia  is  MtaaUj  the  case  when  tli«  wares  of  tbu  visit 
bpectnuD  paas  thnogfa  a  traospareDt  gas  or  rapour.  Tbcro 
is  bero  no  tflW**^*  ttandnenoe  of  motioa  Grom  the  aether 
to  the  moleeaks ;  in  oUwr  words,  there  is  no  aensible  ab- 
•otption  of  heat. 

Ooe  striking  etample  of  the  inBueoce  of  period  m»; 
be  boTv  tecocrdvd.  Carbunic  acid  gas  is  one  of  ihe  feeblest 
of  aheorben  of  the  radiant  heat  emitted  bj  solid  sources. 
It  is,  for  example,  to  a  great  extent  transparcDt  to  the  nys 
emitted  by  the  heated  oopper  pkte  already  referred  to. 
Tbere  are,  howeror,  eertain  rays,  comparatirely  few  in 
number,  emitted  by  the  copper,  to  which  tlie  carbonic 
add  is  imperrioos ;  and  coald  we  obtain  a  source  of  heat 
emitting  such  rays  ooly,  we  slioald  find  carbonic  acid 
more  opaque  to  the  radiation  from  that  source,  than 
any  other  gas.  Such  a  source  is  actually  found  in  the 
Bame  of  carbonic  oxide,  where  hot  oarboDJo  acid  con. 
stitutes  the  maio  radiating  body.  Of  the  tays  emitted 
by  oar  heated  plate  of  copper,  olefiant  gas  abttorbs  ten 
times  the  ()uanlity  absorbed  by  carbonic  acid,  Of  tb« 
rays  emitted  by  a  carbonic  oxido  Same,  oarbonio  ooi' 
absorbs  twice  ns  much  as  olefiaiit  gna.  This  wonderA: 
change  in  the  power  of  the  former,  as  an  ab»orbcr,  is  eimpl 
due  to  the  fiict,  that  the  periods  of  the  lioi  and  oold 
carbonic  acid  are  idirotical,  and  that  the  wares  from  the 
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Auoe  &e«ly  iraaRfcr  Uieir  motion  to  the  molociUea  which 
tTOchroaiae  with  them.  Tlins  it  m  that  the  tenth  of  aa 
•tiBOspbere  of  carbonic  acid,  encl<M<-il  in.B  tube  foor  feet 
kng,  nlMorbe  60  per  cent,  of  the  radiation  from  a  carbonic 
oxide  flamt^,  while  on<!-tbirticth  of  an  atino.iphere  absorbs 
48  per  cent,  of  Uttt  bent  from  tho  enmo  origin. 

lo  fact,  the  presence  of  the  minutest  qiiaiitily  of  car- 
bonic acid  maj  bo  detected  by  it4  action  on  tlie  rays 
fW>m  th«  carbonic  oxide  tlamv.  Carr]rin^,  for  example, 
tlte  dried  human  brtath  int^a  a  tubo  four  feet  long,  the 
■btorption  th«ro  eSTcoted  by  tbo  carbonic  acid  of  the 
bre&th  amouuta  to  50  per  cent,  of  tlie  entire  radiation. 
Kadiant  heat  may  indeed  be  employed  as  a  means  of 
df^tenninlng  practically  the  amount  of  carbonic  add 
expired  from  the  lungs.  My  late  aseistant,  .^Ir.  Barrett, 
while  under  my  direction,  made  this  deterroioation.  Tito 
absurptioD  produced  by  the  breath  freed  from  itA  moisture, 
but  retaining  iU  corbonio  acid,  ww  first  determined.  Car- 
bonic acid,  ariiGcijiUy  prepared,  was  then  mixed  with  dry 
air  in  nich  proportions  that  tlie  aeiion  of  the  mixture  upon 
the  rays  of  beat  wan  the  same  as  that  of  tJic  dried  breath. 
The  percentage  of  the  former  l>eiiig  known,  immodiatoly 
gave  that  of  the  Utter.  The  fiame  brrath  analysed  che- 
mically by  Dr.  Frankland,  and  pbysically  by  Mr.  Barrett, 
gare  the  following  rosulta  : — 

Peroemtaye  of  Carhome  Aeid  in  th«  llumtm  Breath. 
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It  ia  ihiM  proved  that  in  the  quantity  of  aetbereal ' 
motitn  which  it  is  competent    to  take  up,  wc  bare  a' 
practical  measure  of  the  carboni<;  acid  of  the  bceaUi,  and 
fautcc  of  Uu)  ooabustion  going  on  in  the  human  lungs. 

StJll  this  question  of  period,  though  of  the  utmoel 
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importaDoe,  U  not  competent  to  ■ccoont  for  the  wmI 
of  the  obBerved  facts.  The  aetber,  aa  fer  as  w©  know, 
acoepta  vibrations  of  all  periods  vith  the  famo  rcadinea*. 
To  it  tbo  oMillaUonB  of  an  Atom  of  oxjgna  are  junt  as 
acceptable  a«  those  of  a  molecule  of  olefiant  gas ;  tbat 
the  vibratJQg  oz^^  then  stands  so  &r  below  tbe  olefiant 
gas  in  radiant  power  must  be  referred  not  to  period,  but 
to  some  other  peculiarity  of  the  elementary  gas.  Tho 
atomic  group  vhioh  comtitutas  the  molecule  of  olefiant 
f^,  produces  many  tboucand  times  tlie  disturbance  canaed 
by  Uic  oxygen,  liecauM  the  group  i<i  able  to  lay  a  irartly 
nM>r«  powerful  hold  upon  the  aether  thnn  the  tiinglt!  atoms 
can.  The  cavities  and  indentations  of  a  molecule  com- 
posed of  spherical  atoms  may  be  one  oauae  of  this  ang- 
mentod  hold.  Another,  and  probably  very  potent  one  may 
bo,  that  the  ribrationv,  being  those  of  the  constituent 
atoms  of  the  molectde,  are  generated  in  higlily  condensed 
nether,  which  acts  like  oondeinsed  air  upon  sound.  But 
whatever  may  be  the  fate  of  these  attempts  to  Tisitaltsa 
the  physics  of  the  process,  it  will  still  remain  tine,  tbat  to 
account  for  the  phenomena  of  radiation  and  absorption 
we  must  take  Into  consideration  tho  shape,  size,  and 
dibion  of  the  aelber  within  Uic  molecules,  by  which 
aether  is  disturbed. 
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16.  Summary  ant  Conelimon. 

Let  us  now  cast  a  momentary  glance  over  the  groi 
Lthat  we  have  left  behind.     The  general  nature  of  light 
ksd  heat  was  first  briefly  described :  tbc  compounding  uf 
limatter  from  elementary  atoms,  and  the  influence  of 
■'act  of  combination   on   radiation  and  absorption,  we 
^sonsidered  and  csporimcntally  illustrated.     Through 
transparent  elementary  gasci  radiant  heat  was  found  to 
I  as  through  a  vn«aum,  while  many  of  the  compound 
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prMented  almo«t  iroputfatblc  obstactee  to  th«  calorific 
waves.  This  deportment  of  I.Eie  nimplc  gates  dirc«tcd  our 
attentioQ  to  oUier  elem^itAiy  bodies,  tli«  rxiWiiDalion 
tif  which  led  to  t1>o  disoovei;  that  tbe  dement  iiidinn, 
dioolved  in  bixulpblds  of  carbon,  po«se«se«  the  power 
of  d«taehiD^,  witJt  eitntordiDaiy  sbarpnen,  the  b'gbt  of 
the  fpectnito  from  iU  heat,  intvrcvpting  all  luminouti 
nyi  up  to  tbe  extreme  red,  and  pormitting  tbc  calorific 
imp  bejODd  the  red  to  pan  frcdy  through  it.  This  >ub- 
atance  ms  then  (employed  to  filter  the  beams  of  the  electric 
light,  and  to  foim  foci  of  invisible  rays  so  intense  aa  to 
pfodooe  almost  all  tbe  efiects  obtainable  in  an  ordinarj 
6n.  Combiwtibk-  bodies  were  burnt,  and  rcfnicUiiy  ones 
were  raised  to  a  white  beat,  b;  the  conccutrated  invisible 
rat*.  TbiM,  bj  exalting  their  rofrangibilit;,  the  invisible 
nj9  of  Uie  electric  light  wcro  rendered  visible,  and  all  the 
ooloon  of  tlie  solar  q>cctnun  were  Gxtractixl  from  utter 
darkneaa.  71w  extmme  riebnesa  of  th«  electric  light  in 
inTisible  rays  of  low  refraogibilit;  was  demontttrat^d,  oae- 
dgfatb  odI;  of  ita  radiation  cansisting  of  luminous  ntj*. 
Tho  d«BdiM»  of  the  optic  nerve  to  thorn  invisible  rafs 
proved,  and  nperimeota  were  tlien  added  to  show  tbat 
m  bright  and  the  dark  raj-s  of  a  solid  body,  raised  gradu- 
ally to  ioteose  ineandesceace^  are  strengthened  together; 
i«tffiifr  dark  heat  being  an  invariable  accompaniment  of 
iatooM  white  beat.  A  aun  could  not  be  formed,  or  a 
toKeorite  rendered  luminous,  on  any  other  condition.  The 
light-giving  mp  oonstitutiog  only  a  smull  fraction  of  tbe 
total  radiatioo,  their  unspeakable  importance  to  us  is  due 
to  the  &ct,  that  their  period;^  are  attuned  to  the  special 
reqairenieota  of  tbe  eye. 

Aswog  tlie  vapours  of  volatile  liquids  ra«l  diffcteoeea 
were  also  foimd  to  exist,  as  regards  their  itowers  of 
ahaorption.  We  followed  various  molecules  from  a  state 
«f  liquid  to  a  state  of  gas,  and  found,  in  both  states  of 
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■ggngstJOB,  t]i9  power  of  the  individttal  moloculea 
oqiuUj  uscrtcd.  The  position  of  a  vapour  lu  an  abforlx^ 
of  ndiant  hrat  vna  thoim  to  b«  <]«t«>rininMl  hj  Uuit  of 
the  liquid  trom  which  it  U  derived.  Reversing  mir  cod- 
ceptions,  and  regarding  the  molecules  of  gasea  and  vapo^trs 
not  as  the  recipients  hut  ai  the  orifpn^tont  of  w»v(c 
motion  ;  not  aa  absorbMS  but  as  radiators ;  it  waa  proved 
that  tbo  powers  of  abiforption  aod  radtation  went  haod  in 
hand,  the  iH^ltemo  clwmicsl  net  which  rendered  a  bod 
oompvtvnt  to  intercept  the  waves  of  aciber,  rendering  it 
competent,  in  the  same  de^neei,  to  genenle  them.  Per- 
ftime*  were  next  subjected  to  examination,  and,  notwith- 
tlanding  their  extraordinary  tenuity,  they  were  found 
vastly  superior,  in  point  of  absorptive  power,  to  tlte  body 
of  the  air  in  which  they  ver«  difiused.  We  wcro  led  thus 
elowly  up  to  the  examination  of  the  most  widely  diSiised 
■ikd  most  important,  of  all  vapoun — tlie  aqueous  vaponr 
of  oiir  atJnosiihere,  and  we  found  io  it  a  potent  aboorbeefl 
of  the  purdy  calorific  rays.  Th'e  power  of  tbia  stibstance^ 
to  influRDoe  climate,  and  its  general  influence  on  the 
temperature  of  the  earth,  were  then  brieSy  dwelt  upon, 
cobweb  spread  above  a  blossom  is  suffidcat  to  protect  it 
nightly  chitt ;  and  thus  the  aqueous  vapour  of  our 
air,  attenuated  aa  it  is,  checks  the  drain  of  terrestrial  heal, 
and  »vL-s  the  surfeco  of  our  planet  from  the  refrigeration 
whicli  would  HKSuredly  accrue,  were  Qo  Euch  suhetatkoe  ia- 
(erpofied  between  it  and  the  voids  of  space.  We  considered 
the  influence  of  vibrating  period,  and  molecular  form,  on 
absorption  and  radiation,  and  finally  deduced,  from  fta 
sctinn  upon  radiant  beat,  the  exact  amount  of  carbon 
acid  expired  by  the  huoum  lungs. 

Thtis,  in  brief  outline,  were  placed  before  you  tome 
the  rcfiilts  of  recent  enquiries  in  the  domain  of  Kadiation. 
and  my  aim  throughout  has  been  to  raise  in  your  mioda 
dtstioct  physical  images  of  the  various  processes  involvi 
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to  Ottr  rcsearehes.  It  is  tliotiglit  by  »me  tbat  natural 
Reienoe  bu  a  deadening  influence  on  tbe  imaji^aBtion,  tod 
a  daubt  might  fairly  be  raised  as  to  the  Tajue  of  any 
xbidy  wfaid)  would  necessarily  bavw  this  rflect.  But  tie 
experienoo  of  the  la»t  bour  mult,  I  tbink,  buvo  convinced 
rou,  tbat  the  Htndy  of  iintunl  acieDce  goo  band  in  band 
witli  tho  culture  of  the  imagination.  Throughout  tita 
in^ater  part  of  tbis  discourse  we  have  been  sustained  by 
this  faculty.  We  have  been  picturing  atoms,  and  mole- 
oikd,  and  vibmtions,  and  'wa\'ci<,  wbicb  eye  has  never 
seen  nor  ear  heard,  and  vhicb  can  only  bo  ditceined  by 
the  exercise  of  itna^nation.  This,  in  fiict,  is  the  faculty 
which  enables  us  to  tranaeend  the  buundariea  of  sense, 
and  connect  tbe  phenonwna  of  our  visible  woild  with 
those  of  an  invisible  one.  Without  ima^^nntion  we  never 
eonld  liare  risen  to  the  conceptions  which  have  occupied 
u>  here  to^y ;  and  in  proportion  to  your  power  of  exer- 
cising thli  faculty  aright,  and  ofa«>ocii>ting  definite  mental 
images  with  tbe  terms  employed,  will  bo  U»e  pleasure 
and  tlie  prolit  which  you  will  derive  &oin  tbis  lecture. 
Tbe  outward  (acts  of  nature  are  insufficient  to  catisfy  tbe 
mind.  We  cannot  be  content  with  knowing  that  the  light 
and  heat  of  the  sun  illuminate  and  warm  tbe  world.  We 
are  led  irresistil^y  to  enquire, '  What  is  light,  and  what  is 
beat  ?  *  and  this  question  leads  us  at  once  out  of  the  ni$;ion 
of  Mftae  Into  that  of  ima^natlon. 

Thus  pondering,  and  questioning,  and  striving  to  sup- 
plMneDt  that  which  is  felt  and  seen,  but  which  is  incom- 
plcto,  hj  Bometbing  onfclt  and  unseen  which  is  necesHtrr 
to  ita  comploteiiGss,  men  of  genius  have  in  part  discerned, 
not  only  the  tuiture  of  light  and  heat,  but  also,  through 
them,  the  general  relationship  of  natural  phenomena.  Tbe 
working  power  of  Nature  is  the  i>ower  of  actual  or  poten- 
tial motion,  of  which  all  it«  phenomena  are  but  special 
IvtB*.     Tliii  motiou  maoifcsU  it^ielf  in  tangible  and  in 
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intan^ble  matter,  being  incciMtntlf  tronsferrecl  from  tfaa 
ono  to  tlic  other,  and  incowuilly  ttanftformed  hj  thfi 
chungc  It  iK  lu  real  in  tho  waves  of  the  a«th«r  «•  in  ihe 
naves  of  th«  «ca ;  the  latter^-diTived  as  tbey  are  from  winds, 
wblcb  in  th«ir  turn  are  durived  from  the  nui — are,  indeed, 
nothing  more  than  the  beaped-up  motion  of  tho  former. 
It  IB  the  calorific  waves  emitted  by  t]io  sun  which  brat  our 
ttir,  prodaoe  our  winds,  and  hence  agit«t«  our  octnn.  And 
wh«tfa«r  thr^  break  in  fottm  upon  the  slwre,  or  rub  silentlj' 
^laiast  the  ocean's  bed,  or  subside  by  the  mutual  frietioa 
of  their  own  parts,  the  sea  vmree,  which  cannot  subside 
without  producing  heat,  finally  resolve  thentselvea  into 
waves  of  aether,  thus  regenerating  the  motion  from  wbiob 
thvir  tomporoij  existence  was  derived.  Thi£  connection 
is  typical.  Nature  is  not  an  aggregate  <^  independent 
parta,  but  an  organic  whole.  If  jou  open  a  piano  and 
sing  into  it',  a  certain  string  will  respond.  Change  the 
pitch  of  jour  voice ;  tbe  first  string  ceases  to  vibrate,  bub 
another  replies.  Change  again  the  pitch ;  the  first  two 
strings  are  silent,  while  another  reeomidB.  Now  in  alter- 
ing tho  pitch  yoii  simply  change  tho  form  of  tho  motion 
oomn)uaicat«d  bjr  your  vocal  chords  to  the  air,  ono  string 
responding  to  one  form,  and  another  to  another.  And 
thna  is  Bontient  man  acted  on  by  Nature,  the  optic,  Uio 
auditory,  and  other  nonrea  of  the  human  body  being  m 
many  strings  differenbly  tuaod,  and  responsive  to  different 
forms  of  the  universal  power. 
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Olf  BADLAXT  BEAT  ly  RELATION  TO  TOE  COLOVH 
AKD  CBEMICAL  CONSTITUTION  OF  BODIES. 

1866. 

ONE  of  the  most  itnpottaot  fuoctioiu  of  pbydcal  Kiienoo, 
oonndered  u  s  diccipline  of  tho  mind,  is  to  enable  ub 

*hj  meBOS  of  the  tangible  prooeMca  ot  Nuturo  to  apprvhcDd 
tho  iotttngible.     The  tangible  prooeiaei  give  dirt^wn  to 
tb«  line  of  thought ;  but  tliis  odc«  given,  the  leogtli 
Um  line  is  not  Umitod  bj  the  botmdariea  of  the  KOiea.' 
Eodeed,  the  domain  of  the  •odacs,  in  Nature,  is  ahtnost  in- 

, finitely  ntmll  in  compwivon  wilh  tbetnstre^ooacceKiUe 
to  thought  which  liea  beyond  Uiem.  FVom  n  fow  obtwiva- 
tions  of  A  comoL,  vh«n  it  comes  within  tha  range  of  hia 

;  telewope,  &o  aatfononwr  can  calculate  ita  path  in  regions 
which  DO  telescope  can  icsch :  and  in  like  manner,  hy 
nwaiu  of  data  funiitihed  in  thv  narrow  world  of  the  9en»e«, 
we  taaka  ourselves  at  home  in  oHht  and  wider  world.*, 
which  can  be  traversed  by  tho  iutelloct  aloni-. 

From  the  earlleftt  sgea  the  questions,  *  Wliat  is  light  ?  * 
and  *  What  is  hent  ? '  Imve  occurred  to  the  minds  of  uii-n  ; 
but  rhese  questions  n«ver  would  have  been  answered  had 
they  not  been  preceded  by  the  ciuettion,  *  What  is  sound  7' 
Aioid  tho  growei  [^enomeua  of  acountics  the  mind  was 
Gni  disoipUoed,  conceplious  being  tiius  obtainml  firom 
direct  observation,  which  were  afterwards  applied  to  phe- 
nomena of  a  character  ikr  too  f  ubtiv  to  be  observed  directly. 
Sootid  we  know  to  be  due  to  vibratory  motion.   A  vibrating 
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tiiuiug-fAik,  for  example,  moulds  the  air  nrouDd  it  into 
iindulatiotLS  or  wives,  which  speed  an;  on  all  iiiilcc  with 
a  certain  meiisuml  vclointj,  impiogc  upon  tlie  Anxta  o 
the  car,  Hluik«  the  auditory  Den'e,atid  awakn  in  the  braio: 
the  eenntioo  of  loiiDd.  When  sufficiently  near  a  sotiodini; 
body  ve  can  feel  die  vibrations  of  the  air.  A  deaf  man, 
for  ex»Tn|>le,  jilunging  bis  band  into  a  bell  vhen  it  is 
HOundMl,  ft?els  through  the  common  nervea  of  his  bodj 
those  tremors  which,  when  imparled  to  the  nerve*  of 
healthy  ears,  are  translated  into  soiii>d.  There  are  various 
ways  of  rondcrini;  those  sonorous  vibraUoiu  not  onl^ 
tangible  btit  visible ;  and  it  was  not  until  numberless  ex 
periment*  of  this  kind  had  been  executed,  that  the  scien- 
tilic  investigator  abandoned  bimsclf  wholly,  and  without  a 
tibadow  of  misgiving,  to  the  conviction  that  what  is  Boand 
within  us  is,  outeido  of  us,  a  motion  of  the  air. 

But  onoe  having  evtabUfehed  this  &ict — once  having 
proved  beyoixl  all  doubt  that  tbe  sensation  of  soimd  is 
pr<:iduce(i  by  an  agitation  of  llie  nerve  of  the  ear — tho 
thought  «>on  sng^ested  itself  that  light  might  be  due  to 
an  fetation  of  tlie  nerve  of  the  eye.  This  was  a  gnnt 
Bii-p  in  advance  of  that  ancient  notion  which  regarded 
light  as  something  emitted  by  the  eye,  and  not  aa  any- 
thing imparted  to  it.  But  if  light  be  produced  by  an  ,. 
Bj^tation  of  the  optic  nerve  or  retina,  what  is  it  that  pro-^| 
duct's  the  affitatiou  ?  Ntwton.you  know. supposed  minute  ^^ 
particles  to  be  shot  through  the  humoun  of  the  eye  against 
the  retina,  which  he  supposed  to  bang  like  a  target  at  tb* 
back  of  the  eye.  'l*he  impact  of  these  particles  againiit 
the  target,  Xewton  believed  to  be  the  cause  of  li^hU  But 
Newton's  notion  has  not  held  its  ground,  being  entirel^i 
driven  from  tlie  field  by  (lie  more  wonderful  and  far  more 
pbiloKipliica]  notion  that  light,  like  sound,  is  a  prodoet 
of  wav«<motian. 

The  domain  in  which  tliis  inorian  of  lij;ht  is  carriL>d  on 
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Um  enUfdy  beyond  the  leaefa  of  our  leosee.  The  waves  of 
b'gfat  leqaire  a  medium  for  their  fonnitioii  nod  propngi^ 
tion  ;  but  we  cannot  Me,  or  feel,  or  tju4p,  or  nmoll  tbii ' 
ineilloiii.  How,  Iheo,  has  its  existence  been  catabliBhod  t 
By  aboving,  that  br  the  stsumption  of  this  wonderful  in- 
tantipble  aether,  all  the  phenomena  of  optics  are  socountc4 
for,  with  a  fulness,  and  cleanieis,  aud  conclusiveness,  which 
leave  no  dceirc  of  tbc  intelte<ct  uuKitjaficd.  When  the  lavr 
of  ^mritstioD  first  lu^ested  itself  to  the  mind  of  Newton, 
what  did  ho  do  ?  He  set  himself  to  examine  whether  it 
acoouoled  for  all  the  fnct«.  He  determined  tbv  retirees 
of  the  planets ;  he  calcidated  the  rapidity  of  Uie  moon't 
fall  towaids  the  earth  ;  be  comddered  the  preoesMon  of  the 
equiooxec,  the  ebb  and  flow  of  the  tidu,  tatd  found  all  ex- 
plained by  the  law  of  gravitation.  He  therefore  re^rded 
this  law  BJ(  establisbcd,  and  the  verdict  of  science  subs^ 
qoeotly  eonfirmed  hU  conclusion.  On  similar,  and,  if 
poadble,  on  stronger  grounds,  we  found  our  belief  in  tho 
railstence  of  the  universal  at-ther.  It  explains  facta  fiir 
more  vaiioufi  and  complicated  than  tliose  on  whieh  Newton 
baaed  bis  law.  If  a  single  phenomenon  coidd  be  pointed 
out  which  the  aether  is  proved  incompetent  to  explain,  we 
vhotild  hare  to  j^ve  it  up :  but  no  such  phenomenon  has 
HTor  been  pointerl  out.  It  is,  therefore,  at  least  as  certain 
that  ^«ee  is  filled  witJi  a  medium,  by  means  of  which  suns 
and  ftors  diffuse  their  radiant  power,  aa  that  it  is  traversed 
by  tliat  foroc  which  holds  in  its  giaiip,  not  only  our  plane- 
tary lyEtcm,  hut  tlie  immeasurable  heavens  themselves. 

lltrro  is  no  more  wonderful  instance  than  this  of  Iho 
prnduction  of  a  line  ofthooght,  from  the  world  of  tho  senws 
into  the  region  of  pure  imagination.  I  mean  by  imagination 
here,  not  that  play  of  &ncy  which  can  give  to  airy  nothings 
a  local  habitation  and  a  name,  but  that  power  which 
Fnablca  the  mind  to  conceive  realities  which  lie  beyond 
the  range  of  the  aeoses — to  present  to  itself  distinct 
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tmaftt  of  iiiiiiiaiM  vAmA,  tlniqih  m^tf  in  tiie  ■ggte'l 
f^  beyond  all  oooMfitMa,  an  w  auimU  indindiiaUy  m  ' 
to  elode  an  tAwtmtaam.    It  is  tke  varea  nf  air  excited 
b;  a  bnuac-Ank  vhieb  noder  its  vifantiaDa  audible. 
It  is  Uie  waTOi  of  atrtlier  Mat  fbrtli  from  tl»OM  lamp*  over-  ^ 
bead  whJdi  nvd«r  then  liaaiiiiM»  lo  w;  bat  m  minutafl 
are  tluae  wsrca,  that  it  would  take  fo>m  30,000  to  60,000^ 
of  them  plaeed  end  to  cod  to  wrer  a  «nf;le  iDch.    llwir 
Domber,    bowmrer,    ocsnpeuates    file    their    minutctteM. 
Trillicns  of  then  baTa  cntend  yoor  eyt*,  and  lUt  the 
retina  at  the  back  of  the  eye,  in  the  time  consimed  iu  Ihe 
nttcranee  of  the  sborteet  seoteooe  of  this  disooaise.    This 
ia  the  eteadfaat  nmilt  of  modern  KMaich  ;  bat  we  oerorj 
could  have  reacbod  it  without  prsnout  diteipllno.    W4 
never  oould   have  meanired  the  ware*  of  light,  oor  oven 
imagined  them  U>  exist,  had  we  not  prerioosly  exercbed 
onzaelvee  among  the  waves  of  aound.    Sound  and  light 
are  now  mutually  helpful,  the  ooooeptioos  of  each  boiog 
expanded,  strongthenod,  and  defined  b;  the  conocptiona  oJ 
the  other. 

The  actli«r  which  ooovoys  the  pulics  of  light  and  beat 
not  onlj  fills  odesli&l  ipace,  swaUiing  nuns,  and  planets, 
and  moons,  but  it  also  encircles  the  atoms  of  which 
these  bodies  are  compoaad.  It  is  the  motion  of  these 
atoms,  and  not  Utnt  of  on;  eonsiUe  parts  of  bodies,  that 
the  aether  conveifs;  it  is  this  motion  that  constitatea 
the  objective  cause  of  wlutt,  in  our  sencatioos,  are  light 
and  heat.  An  atom,  then,  sending  its  pul»es  thraut:bj 
the  aether,  resembles  a  tuning-f<^rk  sooding  its  pul»di 
through  Uio  air.  Lot  \\»  look  for  a  monvont  at  this  thrill-^ 
ing  medium,  aud  brieBy  ooii»ider  ittt  relation  to  tho  bodios^ 
whose  Tibratiooe  it  conveys.  Diiferent  bodied,  when  hL'at<!d 
to  the  same  tcmpcnitun,  poeecas  verjr  different  powers  of 
agitating  tlw  aether :  some  are  good  nuUatotB,  others  are 
bsd  radiators ;  wbiob  means  that  tome  are  so  constituted 
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u  to  commuiucato  their  motion  fieely  to  the  avtlicr, 
producing  Iherein  powerful  uiNJtiliitionit;  while  others  are 
unable  thus  to  communii'ata  tbcir  iiiiiUoD,  but  glide 
Utrough  the  nwditiiD  without  materially  ditturbing  its  re- 
poee.  Bccost  expcriucDta  have  proved  that  elemeuUiy 
bodies,  except  tindi-r  c-rfjiio  aDomaJous  couditious,  beloiy 
to  the  elttM  of  bad  radiators.  An  atom,  ribratiDg  in  (be 
■dther,  resembles  a  oaked  timing-fork  vibrating  iu  Iho  air. 
The  auMimt  of  iDotion  commtmicatad  to  the  ait  bjr  the  thin 
pran^  is  too  unnll  to  evoke  at  aay  distance  the  lensation 
of  soand.  But  if  we  pca-mit  tbe  atom*  to  combine  chenii- 
callj  and  form  molecule*,  the  rveulti  in  many  caacs,  is  an 
enonaiMu  change  iu  the  power  of  radiation.  The  ainoiml 
of  aethereal  distmlanca,  produced  b;  the  combine<l  atoms 
of  a  bodjr,  may  be  many  thotuand  times  that  produced  by 
ite  constituent  atorott  when  uucombini^d.  The  eScct  is 
roughly  ty|>ified  by  a  tuning-fork  when  connected  with 
jt«  rHtouaut  caae.  The  fork  and  its  case  owing  as  a 
nMDpoaud  system,  and  tJie  vibrations  which  were  before 
ioaadihle,  are  now  the  source  of  u  musical  sound  so  power- 
ful, that  it  might  bo  plainly  heard  by  thousands  at  ouoa. 
The  tbrk  and  itji  case  comhiaed  may  be  roughly  regarded 
as  a  good  radiator  of  sound. 

The  pitch  of  a  musical  note  depends  upon  the  rapidity 
of  its  vibrations,  or,  in  other  words,  on  the  length  of  its 
waves.  Now,  Uio  pitch  of  a  note  aiiitwers  to  the  colour 
uf  light.  Taking  a  •Lice  of  white  light  from  the  sun,  or 
Tnim  au  electric  Lamp,  and  causing  the  light  to  paws 
thn>ugh  on  arraugcmcnt  of  pri»ius,  it  is  decomposed.  We 
hafe  the  effect  obtained  by  Newton,  who  6nt  unrolled 
the  solar  beam  iiito  tlie  i^Wodoura  of  the  solar  spectrum. 
At  one  end  of  tliis  spectrum  we  have  red  light,  at  the 
itUier,  violet ;  and  between  those  extremes  lie  thu  other 
)r!  '  '  Boloura.  As  we  advance  tdung  the  speotrum 
..    i<.>d  to  the  violet,  the  pilch  of  the  tiijht — if  I 
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nu;  Ufio  Uie  exprttatiotl — Iwiglitm*,  the  M-nxftrion  of  violrl 
boiiig  produced  hj  a  more  rapid  sur-cesxion  of  impiiliu^  Lha 
tliat  which  prodiicv«  Ute  impression  of  red.  Tbe  vibration: 
of  the  violet  are  about  twice  as  rapid  as  those  of  tbe  red ;  in 
other  wwrdst  the  range  of  the  risible  spectrum  U  a1x>ut  aa 
octavo. 

Tbero  i»  do  solution  of  continuity  in  this  spectnimi^ 
line  colour  changes  into  another  by  iuscDxiblo  gradatlonii. 
U  is  as  if  an  infinite  number  of  tuniog-forloi,  of  gradually 
ai^^menting  [Hteb,  were  vibrating  at  the  same  time.  But 
tuniing  to  another  q>eetruin — that,  namely,  obtained  from 
tbe  incandescent  vapour  of  ulrei — you  observe  that  it 
coDsist«  of  two  narrow  and  intensuly  lumiDous  gjoea 
bands.  Hero  it  is  lu  if  two  forlu  onljr,  of  #ligliUy  difTerent 
|>itch,  were  vibrating.  The  length  of  tbe  wave*  which 
produce  this  6r&t  band  is  such  that  47,460  of  them,  placed 
end  to  cud,  would  till  an  inch.  The  waves  which  pro- 
diwe  the  •econd  band  are  a  litUe  shorter ;  it  would  take 
of  them  47,920  to  fiU  an  inch.  In  tiie  case  of  tlie  firrt 
baud,  the  number  of  impubN*  imjiartod,  in  one  second,  to, 
every  eye  which  sees  it,  ia  577  miUioDS  of  iniUiooi 
while  the  number  of  impulses  imparted,  in  tbe  same  ti 
by  tbe  second  band  is  COO  millions  of  millions.  \V«' 
may  project  upon  a  white  screen  tbe  beautiful  stream  of 
green  light  from  which  th<«e  bands  were  derived.  This 
luminous  stream  is  the  tncondcsocnt  vapour  of  silver. 
The  mtes  of  vibration  of  tlie  atoms  of  that  vapour  are  as 
rigidly  fixed  as  those  of  two  tuning-forku ;  and  to  what- 
ever height  the  temperature  of  tbe  vapour  may  Iw  rnisi 
the  rapidity  of  it^  vibrations,  and  conscqnenlly  its  colon 
which  wholly  depends  upon  that  rapidity,  remain 
ebongrxl. 

The  vapour  of  water,  as  well  as  the  vapoiir  of  silver, 
liiu  its  definite  periods  of  vibration,  and  tbeae  aro  sach  as 
to  disqualify  the  vapour,  when  acting  freely  as  sucb,  from 
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Mng  ntiMd  to  awhiU;  lieut.  Tlie  oxyhydrogen  flume,  fi>r 
eiampLe,  oonsisU  af  hot  aqueoua  vapour.  It  ta  scarcely 
TiviMn  in  the  air  of  this  room,  uid  it  would  be  etill  l«6a 
Twifale  if  we  oould  burn  the  gas  in  &  clean  atmosphere. 
But  the  •tmosphcra,  evoa  at  the  summit  of  Mimt  BIiluc, 
is  dirty ;  io  London  it  ia  more  than  dirty ;  and  the  bum- 
ixtg  dirt  gives  to  thla  B&ata  the  greater  portion  of  its 
pittiaat  Hght.  But  the  heat  of  the  fiame  is  enormous. 
Out  iron  fuses  at  a  temperature  of  3,000°  FaJir. ;  while 
ibe  tetnperatuie  of  tbe  oxyhydrogwi  finniv  i#  6,000°  Fahr. 
A  pi«ce  of  platiuitm  is  heated  tx>  vivid  rt-dncas,  at  a  difitance 
of  two  inchi-s  beyond  the  visible  termiiiatioo  of  tlie  Same. 
The  vapour  which  productMi  inoasdeaoence  is  here  abeo- 
hitely  dark.  In  th«  flame  itjtKlf  the  platinnm  is  raised  to 
dwczting  whiteness,  and  is  even  pierced  by  the  Sanie. 
WltPii  this  flame  impiuf^  on  a  piece  of  limo,  wo  bavc  tho 
ilauUng  I'rummoud  light.  But  tht:  light  is  livro  due  to 
the  Gtct  that  when  it  impingei  upon  the  solid  hodjt  the 
vibrations  nxcitcd  in  that  body  by  the  flame  are  of  periods 
jUffermt  from  its  own. 

Thus  &r  we  have  fixed  our  attention  on  atoms  and 
molecules  in  a  atate  of  vibration,  and  siiTTOundcd  by  a 
niediam  which  accepts thoir  vibrations,  and  trauFmitstfacm 
UTOUgb  space.  But  suppose  titc  waves  gencruted  by  one 
■ntem  of  molnmlMi  to  impinge  iip^m  anotlier  svKt^m,  how 
will  the  waves  be  affected  ?  Will  they  be  stoppc<],  or 
will  tliey  be  permitted  to  pass?  Will  they  transfer  their 
motion  to  the  molecules  on  which  they  impinge,  or  will 
they  glide  rotmd  the  molecule*,  through  tlte  iiitermolc- 
cular  Kpacini,  and  thus  escape  f 

Tbe  answer  to  this  ({ucstion  depends  upon  a  condition 
which  may  bo  beautifully  excmplihcd  by  an  experiment 
on  siiiind.  These  two  tuning-forks  arc  tun«!l  alnoluttily 
■like.  1'hey  vibnitc  with  the  same  rapidity,  imd,  mounted 
Ilaua  ap»D  tlii4r   n^^'naul  oases,  you   bear   them   loudly 
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•oODdtog  tb«  HUDB  miuick]  note.  Stopping  one  of  tli< 
Sotlcs,  I  throw  tbe  oUwr  iata  gtroog  Tibi»Ui>D,  un«l  brtti; 
Unt  other  dou-  the  iHtnt  (brk,  but  oot  into  contact 
it.  AUowin^  them  to  eonti&tie  in  this  podtion  for  four 
or  five  iceotufa,  aod  th«n  stopping^  the  Tibrntin^  fork, 
tb«  sound  hu  oot  ceuod.  ll>c  second  forkbM  taktu  up 
the  vibcatiooa  of  ite  neighbour,  md  it  now  noiinJing  in 
tunu  I>iinM>aatxog  odd  of  the  foik*,  aad  permitting 
other  to  temain  upao  its  stand,  I  throw  the  difmoun' 
fork  into  strong  nbnttioa.  You  cannot  bear  it  sound. 
Detached  £nnn  its  stand,  tbe  amount  of  motion  nbich  it 
can  oommunicate  to  tbe  air  b  too  Gtooll  to  bo  cenrible 
at  ao^  diatatioe.  \^'hrn  th«  dismounted  fork  ts  broiigbt 
elode  to  the  nomtod  ooo,  but  not  into  actual  contact  with 
itf  out  of  the  Bilenee  risat  a  nK41»w  aound.  Wlienoe  comes 
it  t  FVom  tbe  nbralioiu  which  have  been  transferred  from 
the  di>moMD(ed  fork  to  tbe  mounted  one. 

Tliat  the  motion  shonld  thus  transfer  itself  tltrougfa  tli« 
air  it  is  Decenuy  that  the  two  forks  should  bo  in  perfeet 
uniaon.  If  a  monel  of  wax  not  larger  than  a  pea  be  placed, 
on  one  of  the  forks,  it  is  rendered  thereby  powwlees 
to  affect,  or  to  be  affected  by,  the  other.  It  U  eas;  to 
andorRtand  this  experiment.  The  pulses  of  tbe  one  fork 
can  afft'ot  tlie  other,  becawcc  thev  are  perfectly  iitiKuL  A 
•ingle  pulse  catues  the  prong  of  the  nilent  fork  to  vibrate 
through  an  infiniteeimal  space.  But  just  as  it  has  com- 
pletMl  this  small  vibratioD,  another  pul«i  isrvady  to  strika 
it.  Thus,  the  impuUea  add  themselvet  together. 
the  five  seconds  during  which  the  forks  wore  held 
each  other,  tlie  vibrating  fork  sent  1,260  wave«  agai: 
its  neighbour,  and  those  1,280  shocks,  all  delivered  at  the 
proper  momcut,  oil,  as  I  have  faid,  porfvclly  limed,  have 
given  such  tlreiigtli  to  Uiu  vitinitions  oft^io  moimtod  fi 
as  to  render  them  audible  to  all.  ■ 

Another  curious  illustration  of  the  iniIu*nG(9  uf  f 
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chrouism  on  mun'cul  vibrations,  is  IbU :  Three  small  ga»- 
Aames  are  inserteil  idIo  tlirvc  gUas  tubes  of  difTeMnt 
leo^tiu.  Bacb  of  tli«M)  Bnmcs  can  be  caused  to  emit 
a  marical  note,  the  pitch  of  wliioh  is  determined  by 
tbc  IcDgth  of  the  tube  aurroundiof;  tbv  ftiime.  Tito 
ftbnrter  tli«  tubu  the  liigher  is  the  pitch.  TIte  Himcs  are 
ui>w  ailitnt  witliio  their  respective  tubes,  but  «at!li  of 
tbem  cau  htt  cniBcd  to  r<;*poiid  to  a  proper  note  ttoundad 
uijrwhere  in  this  lootn.  Witli  no  iastrunMat  called  a  sjrreD, 
a  powerful  musical  oote,  of  increasing  piteli,  onn  bo  prt^ 
duced.  BegioDiog  with  a  note  of  low  pitch,  aad  ascending 
gntdnallj  to  a  higher  one,  we  finallj  attain  the  note  of  the 
fiama  in  the  loDgext  tube.  The  moment  it  is  reaehed, 
tho  6aai«  bursta  into  song.  The  other  GAtaea  are  still 
Hilent  within  their  tubtn.  But  by  uiging  the  instrument 
an  to  higher  notes,  tlie  lecond  flume  is  startedi  and  the 
third  alone  remains.  A  still  higher  note  starts  it  also. 
Thus,  as  tho  sound  of  the  syren  rises  graduallr  in  pitch, 
it  Mwakcns  evtjry  flame  in  |M»iiDg,  by  stnking  it  with 
a  series  of  waves  whose  purioO*  uf  rocurrenoe  aro  similar 
til  its  own. 

Now  the  wave-motioD  from  ihe  ayreoi  is  in  part  taken 
up  by  tbe  Same  which  syucbrooises  with  the  waves ;  and 
had  tltese  waves  to  impinge  upon  a  multitude  of  flames, 
inst<Ta<l  of  upon  one  flame  only,  the  tran^fcreucc  might  be 
so  great  as  to  absorb  tbe  whole  of  the  original  wuvi>-motion. 
Ijet  us  &ppiy  these  facts  to  radiant  heat.  This  blue  flame 
is  tbe  flame  of  caibooic  oxide;  this  ti-aQ§p.irent  gas  is 
carbonic  acid  gus.  In  tbc  blui;  flame  we  have  carbonic 
acid  intensely  heated,  or,  in  other  words,  in  a  stalo  of 
intmse  vibration.  It  tlius  resembles  the  sounding  fork, 
while  this  cold  carbonic  acid  resembles  the  silent  one. 
What  ia  tbc  oonsequonct  i*  Through  ifaq  synchronism  of 
llii>  hot  and  coltl  giut,  tniiiMniKAiou  of  the  nuliant  bc^at  of 
tbe  formtrr  through  the  latter  ii  prevented.     The  cold  gaa 
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•  Am  B^atiia  from  tbia   par- 

I  Ushlf  tnHfanaft  la  best  of  ever; 

fciad.     W«   an  b»  auifiirtlr   dndiog  viUi 

idi  fiai  ai  tha  laai  of  rpectnmi 
-sUcft  hm  ^aUid  sdcutific  mm  to  deter- 
I  tbe  T^i«^-T  af  viiidi  Um  bbi,  Uhi  it&n,  sod  ofni 
tbr  B^nl«  •!•  eMDpMtd :  tt*  ptiadple,  DUmdy,  l)tat  a 
bod;  vUA  i*  "T**— *  ta  laiC  aay  nj,  wiietiter  of  beat 
or  li^it,  k  Bompitwit  in  tbs  woe  dagrie  to  sbcarb  that 
ny.  Tbo  sbwrptiaa  di^aHb  oa  tfat  tpuiuooitm  eu»t- 
lug  between  Ibe  vibntioas  of  Uw  atoBM  from  whldi  tbe 
ra^s,  or  more  doitocUt  tbe  tcoao^  iMoe,  and  tboee  of  tba  j 
aloau  on  whicb  ihej  impisge. 

To  iU  iocompgtenoe    to  emit   wbite  Ugbt,   aqaeous 
\-apQur  adds  iincotDpatcoee  to  absorb  libite  ligbL     It  can- 
not, fric  example,  absorb  tbe  lominoua  tsys  of  tbe  sun, 
(bough  it  can  absorb  tbe  noo^nmiiiow  nvs  of  tbe  auHu  ^J 
lliis  Ineompetenee  of  tbe  vapour  to  absorb  luminotw  ny»  Hj 
is  shared  hy  vater  aod  ice — in  fiiet,  hj  sU  rcollr  tmn^ 
parent  subttanGea.     Theii  tramtpareucy  is   doe  to    tli«ir 
iuabilitf  to  absorb  luminous  ravB.    The  moleculee  of  sncb 
substaooes  are  in  disBonance  with  the  luminotu    waves;  i 
anti   bcnco  sucb   waves  pass  tbrougli  traospareDt  bodies 
wiUtout  disturUogtbe  ou^ecuUr  irsU     A  purclj  luminous 
beam,  however  inteDsc  maj  be  it*  heat,  i«  sensiblf  incom- 
petent to  melt  Um  Bmall<»t  parliclu  of  ice.     We  can,  for  h| 
example,  converge  a  powerful  luminous  b«em  upou  a  sur-^H 
faoeoovered  witb  boar  froet, without  melting  a  singbs  spJeuJa 
of  the  ice  ciyrtab.     Uow  then,  it  ma;  be  naked,  are  tbe 
tinowa  of  Die  Alps  swept  away  bj  the  sunshine  of  summer? 
I  answer,  they  are  oot  swept  away  by  sunsbioe  at  all,  but 
\-y  raya  whicb  have  no  sunshtne  whatever  in  tb<!m.     The 
liiininous  rays  of  the  sun  fall  upon  the  mow-firlds  and 
are  Bubrd  in  echoes  from  crystal  to  crystal,  but  tbny  find 
next  to  no  lodgment  witliiutbe  eiystala.     Tbey  arelianlly 
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At  bU  abiwrbed,  aad  lience  they  cannot  produce  fusion. 
Bat  n  body  nf  powerful  dark  rays  is  pmittod  by  the  stin : 
god  it  u  these  that  cause  the  glacicrc  to  shrink  and 
the  mows  to  disappear ;  lb  is  Uicy  tlint  fill  Uio  banki  tit 
tba  Arre  and  Arveyron,  and  liberate  from  their  frozen' 
captivity  the  Rliooe  and  the  Khioe. 

Placing  a  concave  eilvered  mirror  behind  the  electric 
lifjht  iU  r»ya  are  contprged  to  a  focus  of  dazzlin;;  bril- 
liancy. Placing  in  the  path  of  the  laya,  bctvoon  tbo  light 
and  the  focua,  a  vrteel  of  wat«T,  and  introducing  at  th<! 
foetu  a  piece  of  ioe,  the  ice  in  not  mdtod  by  tli«  ooocen'- 
tint^d  beam.     }Iatcfaes>  at  Iht:  same  place,  ara  ignited, 
and  wood  is  E«t  on  fire.     The  |)ow<^-rfiil  heat,   then,  of 
tbU  lumiooufl  bL-ain  iti  incompetent  to  melt  the  ice.     On 
withdrawing    the    cell   of   water,   the   ice  immediately 
U<)iiefieB,  and  the  water  tricldea  from  it  in  dropa.     Ke- 
tafaraduciog  the   cell   of  water,  the   fusion   ia  arrested, 
and  the  drop*  oease  to  fiaU.    The  transparent  water  of 
the  cell  exerta  no  sensible  absorption  on  (he   tnminoua 
raya,  atill  it  withdraws  somethin);  from  the  beam,  whicli, 
wheo  permitted  to  act,  is  competent  to  mt4t  the  ice. 
rfahi  lomotbing   is  the   dark    radiation   of  the  electric 
iht.     Again,  I  place  a  tlab  of  pure  ice  in  front  of  the 
trie  lamp;  »»iid  a  luminous  beam  first  through  our 
cell   of  wat«r  and   then  through  the  ioe.     By  means  of^ 
a  huu  an  image  of  the  slab  ia  cast  upon  a  white  ecreen. 
Tb*  beam,  sifted  by  tlie  water,  Iiim  little  power  upon  tho 
ire     But  obecrvc  wliat  occurs  when  the  water!*  reniored; 
[,vv  baro  hero  a  star  and  there  a  *tar,  each  star  reswrnbling 
dowar  of  six  peiais,  and  growing  visibly  larger  before 
oni  vyea.     Aa  the  leaver  enlarge,  their  edges  become  ser- 
1,  but  there  is  no  deviation  from  the  tix^rayed  type. 
iTfl  barn  here,  in  fact,  tltc  crystallitat  ion  of  the  Ice  iaverteill 
by  the  InvisiMe  rays  of  the  electric  beam.     They  take  the 
oleeulea  down  in  till*  wundvjrfitl  way,  and  reveal  to  m 
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the  ezquisibe  atomia  straetDre  of  th«  aabstaiwe  with  nH 
Kature  everr  winter  roofs  our  pood«  und  latue. 

K'jmberlesi  effects,  apparently  uiomaloas,  might  be 
adduced  tn  iUustiation  of  the  action  of  thes^  U^htleea  rays. 
ThcM  two  poirden,  for  example,  arc  both  white,  and 
tiodistiagiiithable  Irom  Mch  other  by  the  oyo.  Tho 
litminoua  rajR  of  the  mn  an  in»bm>rbmj  by  both — frnm 
micb  rays  tfa(<ee  powders  a«jaire  no  heat;  tifU  otus  of 
them,  sugar,  ia  bested  m  highly  by  the  fioDe«atra(«d 
beam  of  the  electric  lamp,  that  it  fiivt  smokeR  and  then 
violently  inflames,  while  the  other  substance,  salt,  is 
barely  wanned  at  the  fooas.  Placing  two  perfectly 
transparent  liquids  in  test-tubes  at  tho  fociis,  one  '>ffl| 
them  boil*  tn  a  couple  of  seconds,  while  the  other,  in  a  ^^ 
aimiUr  position,  ia  hardly  wanned.  The  boiling-point 
of  the  firet  liquid  ia  78°  C,  which  is  speedily  reached ; 
that  of  the  second  liquid  is  only  48°  C,  which  is  norer 
reached  at  all.  These  anomalies  arc  entirely  due  to  the 
unseen  element  which  mingles  with  Uie  luminoiu  rays  of 
the  electric  beam,  and  indeed  constitutes  90  per  oent.  of 
it»  colon  &c  power. 

A  substance,  as  many  of  yoa  know,  has  been  discovered, 
by  which  these  dark  rays  may  be  detached  from  the  total 
emission  of  the  electric  lamp.  This  ray-filter  is  a  liquid, 
black  as  pitch  to  the  luminous,  btit  bright  as  a  diamond 
to  the  noD-luminouo,  mdintion.  It  merdlcnly  cuts  off  tho 
former,  but  allowM  (he  latter  free  transmiHion.  WbeD 
tbc«e  invisible  rays  are  brought  to  a  fociut,  at  a  distance 
of  several  (eet  from  the  eloctric  lamp,  the  dark  rays  form 
an  invisible  image  of  tbcir  source.  By  proper  means, 
this  {mag«  may  be  transformed  into  a  visiblo  one  of' 
daxxling  brightness.  It  rotghti  moreover,  be  Hhown,  if 
time  permitted,  how,  out  of  those  perfectly  dark  taya, 
oould  be  extracted,  by  a  prooesa  of  iransmulatioo,  all  the 
oolours  of  the  Eolar  spectrum.     It  might  also  be  proved 
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IbdC  Uroso  raye,  powerful  aa  the;  arc,  and  sufficient  to 
Aim  nmay  iot4at«,  caa  be  p<!ni>itt4Nl  (o  enter  the  eye,  ant! 
to  break  tifoa  th«  r«tiiui,  witJvoiit  producing  tbe  Iwst 
lunitnoiu  impresdon. 

Tbe  datk  rayn  being  thus  collected,  you  see  notliiog 
al  Llmr  place  of  convprgmoc  With  a  proper  tliermo- 
tneter  it  could  bo  proved  that  even  the  air  at  the  focua 
u  JEut  as  cold  a«  the  tiirroiiiiding  air.  And  mark  tbo 
cdncloaion  to  Which  this  leads.  It  proveit  tlie  ofthm"  at 
the  focujt  to  bo  practically  detached  from  tlie  air, — that 
the  most  vi»lent  aethereal  motion  may  there  exist,  without 
tJn*  least  attrial  motion.  But,  though  you  see  it  not,  there 
ti  suKcient  beat  at  that  focus  to  set  London  on  fires. 
Ths  beat  ttiere  is  oompeteut  to  raiee  iron  to  a  tempor- 
ature  at  which  it  throws  off  brilliant  scintillations.  It 
can  heat  platin»ii»  to  vbiteDem,  and  almost  fusu  tliat  re- 
fractory metaL  It  actually  can  fuse  gold,  silver,  copper, 
and  aluminium.  The  moment,  moreover,  that  wood  is 
placed  at  tjie  focus  it  biursts  into  a  blaxe. 

It  has  been  already  ainrmod  that,  whether  as  regards 
iation  or  absorption,  tbe  elementary  atoms  possess  but 
ittlo  powvr.  This  might  be  illustRiU^l  by  a  long  array 
uf  bctA ;  and  one  of  the  most  singular  of  these  is  furuixhcd 
by  tb«  deportment  of  tiiat  extremely  combustible  substanoe, 
plimpbonis,  when  placM]  at  the  dark  focus.  It  is  impo»* 
aiiilo  to  ignite  tht^re  a  fragment  of  amorphous  pbo«phonis. 
But  ordinitty  phosphorus  is  a  Eur  quicker  combustible,  and 
\(a  (leipi>Hini-ut  towards  radiant  heat  is  still  more  impressive. 
It  may  be  exposed  to  Uie  intense  radiation  of  an  ordinary 
(iru  without  bunting  into  flame.  It  may  also  be  exposed  for 
.Went;  or  lliirty  seconds  at  an  obscure  focuf,  of  euflicieiit 
pownr  to  raise  platinum  to  a  red  heat,  without  ignition. 
Notwithstaodlog  the  energy  of  the  aotbereal  waves  bore 
trmted,  notwithstanding  the  extremely  inflammable. 
:t«r  of  the  elementary  body  expoied  to  their  actioOf  * 
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Um)  atunu  of  that  bod;  reioae  to  partake  of  the  motian  of 
Um>  [KHinfal  nsTM  of  low  t«£nngibilitr,  md  consequently 
cannub  be  sfieeted  by  tbcir  bAt. 

Tbv  k&owlcdge  we  sow  poneas  witl  eaabla  as  to 
aaaljTM)  with  profit  a  pnwtieal  qtmtioa.  WliUe  dreeaw 
are  wum  in  ranuner,  becapae  tb«7  ara  found  to  be 
ooolar  than  dark  ooea.  Tbe  cdebnited  Benjamin  Franklin 
placed  bita  of  cloth  of  rarioua  coloara  apon  snow,  expo»od 
thna  to  diract  Biuebioo,  and  fotmd  tJiat  the;  sank  toi' 
dtflercmt  depths  in  tbe  snow.  Tba  black  doth  sankd^peet, 
the  white  did  not  sink  at  alL  Pnnklin  inferred  &om  thia 
ncperimefit  that  lUmek.  bodies  are  the  best  abtorbers,  and 
white  onei  the  worat  abaorben,  of  radiant  beau  Let 
us  t«st  tbe  (^eneralil^  of  this  ooBclaaios.  One  of  these 
two  cards  is  coated  with  a  reiy  dark  powder,  sod  tbe 
otlier  with  a  perfectly  whit«  one.  I  place  the  pow- 
dered surfaced  bfJore  a  fire,  and  Ivave  thnm  there 
until  they  have  aequired  aa  high  a  temperature  aa  they 
eon  attain  in  this  positioo,  Which  of  the  carda  is  then 
moat  highly  heated  ?  J  t  requires  no  thermotnet<-r  to  answer 
this  question  ?  Simply  presaia^  the  bock  of  the  card,  on 
wliirh  the  whito  powdi-r  w  tlt^wn,  against  tbe  chiwk  or 
fM[<.-h<uu],  it  is  found  intnlciahly  hot.  Placing  the  dark  o^rd 
in  the  same  position,  it  U  found  coot  The  while  powder  baa 
absorbed  for  more  heat  than  the  dark  one.  I'his  aimple 
result  abolishes  a  hundred  conclusions  whidi  have  been 
hastily  drawn  from  the  experiment  of  Franklin.  Again, 
here  are  suspended  two  delicate  mercurial  thermoniQtcni 
at  the  same  distance  from  a  ga»>Baine.  This  bulb  of  one 
of  them  is  covered  by  a  dark  subatance,  the  htdb  of  Uia 
oUier  by  a  white  one.  Jtotb  bulbs  have  received  the  radia- 
tion from  the  flame,  but  the  white  bulb  has  absorbesj  most, 
and  iU  mercury  stands  much  higher  than  that  of  tbe  other 
thermometer.  This  experiment  might  bo  voriod  in  a 
hundred  ways:   it  proves   thai   from  the  darkness  of  a 
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can  draw  iio  ccrlAin  oonoltudon  regarding   it» 
power  of  ah»orptioii. 

The  leascoi  of  tliU  simply  is,  tiiat  colour  gives  ua  intel- 
liganee  of  onl;  ono  portioD,  and  that  the  sinalleet  on«,  of 
tbe  nys  impingiDg  on  tbo  coloured  body.  Were  the 
raja  kU  lumitiouit,  w«  might  with  oertainty  infer  froia  tho 
ealijur  of  a  body  its  power  of  absorption ;  but  the  great 
BOM  of  the  radiation  from  our  fire,  our  gas-Bame,  and 
even  from  the  sun  ibtclf,  coDsixU  of  invisible  calorifio  Taj«, 
ragsrdiug  which  colour  tpjichva  us  nothing.  A  body  muy 
be  highly  trancporeot  to  th«  one  olawt  of  rays,  and  highly 
opw]tiK  to  iJie  other.  ThuR  th«  white  powder,  which 
hat  «howo  iUvlf  90  powerful  an  abiiorber,  has  been 
flpeoially  Belected  oo  aoooont  of  iU  exlremo  perrioumcss 
to  tbe  visible  rayv,  and  its  cxtTemo  imporviousoees  to  the 
inviiible  ones  ;  while  the  dark  powder  was  chosen  on  uo- 
nt  uf  it«  extreme  tian^parcncy  to  the  invittiblc,  and  its 

trc^ini:  opacity  to  the  visible,  tayw.  In  the  case  of  the 
ndiatioo  from  our  fire,  about  98  per  cent,  of  the  whole  emis- 
sion consists  of  inrieiblo  rays ;  the  body,  therefore,  which 
wja  mort  opaque  ta  titcw  triumphed  as  an  absorber, 
though  that  body  wm  a  white  one. 

And  here  it  is  worth  while  to  consider  tlie  manner  in 

hich  we  obtain  &om  natural  facta  what  may  be  called 
heir  iDteilectnal  value,      llirougfaout  the  proceeses  of 

ature  we  have  interdcpendonee  aod  harmony ;  and  the 
main  value  of  pliytiics,  oonsidcrod  as  a  mental  di$* 
,vip]in«'-,  consisita  in  the  tracing  out  of  this  Interdependence, 

d  tbe  deraonstiatioo  of  this  harmony.  The  outward 
aod  visible  pbeoemeoa  are  the  counters  of  the  intel- 
lect ;  and  onr  science  would  not  bo  worthy  of  its  name 
and  bnw  if  it  halted  at  iacts,  howi^ier  practiadly  useful, 
and  neglected  the  laws  which  accompany  and  rule  the 
pbconmona.  I>'t  us  endeavour,  then,  to  extract  from  the 
irnt  'if  Kranktin    all   that  it  can   yi^ld,  calling 
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to  oar  nd  tka  kBrnriedgB  wtdeh  our  prodcceswrs  lun« 
wHnmij  itond.  Let  m  im^pfine  two  pieces  of  cloth  of 
tHe  lunie  texture,  the  one  bUck  and  the  otJier  irtiite, 
pbeed  opoD  amaed  edow.  Fixinf;  our  BttentioD  oo  tba 
wUt«  pteee>  let  w  «r]uii«  whotlicr  there  it  any  reoaoa 
lo  expect  that  it  will  iiink  in  tttu  mow  at  ulL  There  is 
knowledge  at  hand  which  eoabln  lu  to  reply  at  once  in 
the  negatire.  There  U,  on  the  OAutrarf,  reason  to  expect 
that,  afler  a  niffieieDt  exposure,  the  bit  of  cloth  will  be 
found  on  an  eminenee  instead  of  in  a  hollow ;  that  in- 
stead of  a  depression,  we  afaall  have  a  relative  eleration 
of  the  bit  of  cloth.  For,  as  regards  the  lumiootu  mya  (rf 
the  sun,  the  doth  and  the  snow  are  alike  powfiiloes ;  the 
one  cannot  be  wanned,  nor  the  other  meltod,  bj  sncb 
rays.  The  cloth  is  white  and  the  enow  is  whit«,  becaitm 
tlidr  confusedly  roinj^ted  fibres  and  particle*  aro  incom- 
petent to  absorb  the  luminoos  rays.  Whether,  then,  the 
cloUi  will  link  or  not  depends  entirely  upon  the  dark 
rays  of  the  Bun.  Mow  th«  Ribetonoo  which  absorbs  these 
doHc  mys  with  tlte  grcat«st  avidity  is  ice, — or  snow, 
whtcli  is  merely  ioe  in  powder.  Hence,  a  lees  amount  of 
heat  will  be  lodged  In  the  cloth  than  in  the  surrounding 
8D0W,  The  cloth  must  therefore  act  as  ■  shield  to  tlw 
snow  on  which  it  rests ;  nnd,  in  conf>rqiiencd  of  the  more 
rapid  fusion  of  the  e-xposed  snow,  JU  shield  must,  in  due 
time,  be  left  behind,  perched  upon  an  eminence  like  a 
glacier-table. 

But  though  the  enow  transcends  the  cloth,  both  as  a 
ntdiatoT  and  absorber,  it  does  not  mvcK  transcend  it. 
('loth  is  very  powerfid  in  both  these  respects.  Lot  us 
now  t^im  Piir  nttcntiim  to  the  piece  of  black  cloth,  thn 
texture  nnd  fnhrie  of  which  I  assume  to  be  the  mme  ta 
tliat  of  t)i<!  white.  For  our  object  beinff  to  compare  the 
effects  of  colour,  we  must,  in  order  to  study  this  effect  in  its 
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polity,  preserve  all  tbc  oUior  conditioiu  oonBtaot.  Let  uf 
then  aappMa  tti«  black  clotli  to  be  obUioed  from  ilie  dj^ 
mg  of  llie  -mhlte.  Tb«  cloth  itadf,  witbout  refe^en(^e  to 
the  djre,  is  neatly  as  grnxl  no  ab«oib«r  of  heat  as  the  bqow 
around  it.  But  lo  Uie  abaorption  of  tivt  duk  solar  1x71 
by  the  oodyed  cloth,  is  dow  added  the  abaorplion  of  th« 
■bole  of  the  luminous  laj-s,  and  this  ^at  additional  in- 
flux of  boat  is  tar  mora  than  sufficient  to  turn  the  bnlanoe 
in  &votir  of  lh<-  black  cloth.  The  sum  of  its  actions  on  bho 
dark  and  Ituninoiut  mjs,  czcvcds  tho  action  of  (bo  snow  on 
the  dark  nyi  alone.  Hencn  tbu  olotb  will  nnk  In  tbe  snow, 
and  tliia  ia  the  complete  analynix  of  Fiaiiklin's  experiment. 

Throughout  this  dinconne  tlto  main  atreifH  has  been 
laid  on  ebrmical  conjlitution,  us  influenciug  nioiit  power- 
fully the  pbenomcos  »f  radiation  and  absorption.  With 
regard  to  gases  and  vapours,  and  to  the  liquids  from  which 
theae  vspourfl  are  derived,  it  has  been  proved  by  the  most 
varied  and  concluiiivo  experiments  tliat  the  acts  of  radia- 
tion and  abaorplion  are  m^eeular — that  they  depend  npon 
eiicmlcal,  and  not  upon  mechanical,  conditiim.  In  at- 
tempting to  extend  this  principle  to  solids  I  was  met  by  a 
multitude  of  &cta,  obtained  by  celebrated  cii>crin]i^ntcni, 
which  seemed  flatly  to  forbid  Mich  an  extension.  Jitf  Uoui, 
for  example,  bad  found  tti«  tamo  radiant  and  alisorhent 
power  for  chalk  and  lamp-black.  AIM.  Manon  and  Com- 
t^pfe  hod  performed  a  most  elaborate  seriefl  of  experiment:* 
OD  obomical  precipitates  of  various  kinds,  and  found  that 
they  one-  and  all  manifestted  the  aame  power  of  radiation. 
They  concluded  from  their  reaearches,  that  when  bodies 
are  reduced  to  an  extremely  fine  state  of  division,  the 
Inflneoce  of  this  Etate  is  »o  powerful  as  entirely  to  mask 
and  orerride  whatcv^T  tnlinmce  nay  be  ditu  to  chemical 
eotutitntioii. 

BuL  it  appears  to  me  that  through  the  whole  of  ti»M 
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reseanches  an  ovorsigbt  hu  run,  Uie  mere  mcntioa  of  whict 
will  show  what  caution  is  cuaeatial  ia  the  opemtions 
cxporimcntal  pbiloeopliy ;  while  an  eiperimetit  or  two 
will  ouike  clear  whurein  tbo  oveniglit  coosiste.  Filling 
a  brightly  po1i«bc(l  tattnl  cube  with  boiling  water,  I 
idetemiine  tbn  r}itantity  of  beat  emitted  by  two  of  the 
bright  Burfac«a.  An  a  radiator  of  heat  one  of  them 
far  transccnda  the  other.  Both  surGaces  appear  to  be 
mctalUc;  what,  then,  it  (Jw  cause  of  the  obe^ved  dlSi'T- 
<>iicc  in  tbrir  riuliativo  power  ?  SUnplj  tliii :  one  of  tine 
nirfacca  is  coabvd  with  truosparent  gtim,  through  which, 
of  course,  is  seen  the  m«taIUo  lustre  bebl&d ;  and  thU 
vikmish,  though  »o  perfectly  transparent  to  luminous 
rays,  is  a«  opaque  m  pitch,  or  lamp-black,  to  Qon-lumi- 
noua  ones.  It  ia  a  power^  emitter  of  dark  rays;  i^ 
is  aim  a  powerful  absorber.  \\'hUc,  therefore,  at  the' 
preeont  momcut,  it  is  cjpiounly  pouring  forth  ludiaut 
beat  it«elf^  ft  doc«  not  allow  a  single  ray  from  tbe  tnvtal 
behind  to  pa«<  through  it.  The  X'amiah  then,  and  not 
the  metal,  is  Uie  real  radiator.  i 

Now  Melloni,  and  Masson,  and  Court^pee  oxperimented:^| 
thus:  tJii^y   mixed  their  powders  and  precipitotos  with  ^ 
guEti-wator,  and  laid  them,  1^  nMans  of  a  brush,  upon  tins  ^ 
mirfaces  of  ■  cube  like  this.     True,  Uiey  saw  Uicir  red] 
powders  n^d,  their  white  ones  white,  and  their  black  onm] 
bhick,  but  they  saw  tbese  colours  tkrougk  tkg  coat  o/l 
vamMh  which  eitcireled  0ir«r^  particle  of  their  powdera. 
Wiiun,  therefor*,  it  wa»  concluded  that  colour  bod  no, 
influeuce  on  radiation,  no  chance  bad  been  given  to  it  ofl 
asforting  its  ioflucnoe ;  when  it  was  found  that  all  eh«nii> 
cal  precipitate*  radiated  alike,  it  was  the  radiation  from  a 
varnish,  common  to  them  all,  nbich  showed  the  obserred 
eovstaney.     Uuadrods,  perhaps  thousuuds,  of  eiperimeDU 
on  radiant  heat  have  been  performed  in  this  wa 
TOrious  enquirers,  hot  tbo  work  will,  I  fear,  have  i 
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Hboe  orer  again.    I  am  not,  iodeed,  scqtiainU-d  with  an 
instance  in  vhich  an  ovenigbt  of  so  trivial  a  clinmcter 
bat  been  committed  by  to  many  able  nten  io  BuocdsioD^j 
and  tittatcd  «o  large  an  amiMiDt  of  othenrise  Gxcellentj 
wtirk.  I 

Baling  our  Ti»»iniiig)f  thns  on  dcrmonatjated  facte,  ire 
arrive  at  Uio  cxtnrnirly  probable  coadusion  tlint  the  eo- 
vijupe  of  Uie  imrticlun,  and  not  tlto  porticloi  tbcmsclvoa, 
waa  tbe  teal  radiator  in  the  experimcDta  jiut  rt^ferred  to. 
To  icosoD  thtia,  and  deduce  tlieir  more  or  less  probable  , 
cun«ci{uenccs  from  experimental  facts,  ia  an  ineeanntrl 
rxerciito  of  tlio  student  of  pbjflical  scicDov.  But  having 
thus  fullowtid,  for  a  time,  the  light  of  miiou  alone  through 
a  wrtei  of  phenoioena,  and  emerged  from  them  vrilb  a 
purely  intellectual  condition,  our  dut;  is  to  bring  that 
conelusioa  to  an  expeiimental  test.  Id  this  wa;  wo  fortif; 
oar  iclence,  sparing  no  p«ioa  and  shirking  no  toil,  to  secure 
Kimd  materials  for  the  edifice  which  it  is  oar  privilege 
rait>& 

For  thcpurpiMc  oftesling  our  conclusion  regarding  the 
iuflurnc*!  of  Uio  gum,  I  take  two  powders  presenting  the 
(tame  physical  apjiearence ;  one  of  them  i»  a  compound  of 
mercury,  and  the  oUter  a  compound  of  lead.  On  two  siir- 
bcea  of  a  cube  are  spread  the»e  bright  red  powders,  with- 
out vjmish  of  any  kind.  Killing  the  cube  with  boiling 
wat«>r,  and  detennining  the  radiation  from  the  two  surfaces, 
one  of  them  is  foundtocmit  thirty-nine  units  of  heat,  wbilo 
the  othrr  (rtn'iVt  Ecrcnty-four.  This,  surely,  is  a  great  dif- 
fensnee.  Here,  however,  i*  a  »w:ond  cube,  having  two  of 
^Hh  Hirfafiea  coated  with  the  name  powders,  tlie  only  dif- 
^^BnuMM)  being  tliat  the  powders  are  laid  on  by  means  of 
^V  tnn«parent  gum.  Buth  aorfacea  are  now  absolutely 
alike  in  ntdiatife  power.  Both  of  them  omit  somewhat 
tnon  than  was  emitted  by  eilhor  of  the  unvaniiahed  powders,  i 
timplj  breanse  the  gum  employed  is  a  better  radiator  than  I 
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either  of  them.    Exclitdiiif  all  vanusb,  and  com; 
white  with  white,  vast  diSTeraiices  are  found ;  oomjiartii 
bUek  with   bUcIc,^  the;  are  also  diSerent ;    and 
black  and  whitu  urp  compared,  in  some  coeee  the   blach 
ndiatot  &t  more  lliun  the  wbit«,  whilr  in  other  cases 
white  radiiilrs  far   more  Utun  the  hkck.     DctenoiniE 
nior«»vi;r,  Uie  abmuptive  power  of  tho«e  powden,   it 
found  to   go   hand-in-hand  with   their   radiative 
Tbe  good  tadtator  is  a  good  aliaorber,  and  the  bad  radial 
it  a  bad  absorber.     Krom  all  thia  it  is  evident  that  as  : 
gards  the  ndiation  and  absorption  of  non-luminous  heatyl 
oolour  teachea  ua  nothing ;  and  that  eveo  aa  regards  tlw 
radiation  of  the  sun,  oonsifiting  as  it  docs  mainly  of  noo- 
lumioous  rays,  conclusionH  as  to  Uic  inBuciMo  of  colour 
ma;  bo  altogether  ddusiro.    Thia  is  the  strict  scicntifio 
up^ot  of  our  reseaichea.     But  it  is  cot  the  less  tnte  that 
in  tbe  case  of  wearing  apparel — and  this  far  rpasons  which 
I  have  given  in  analjsing  tbe  experiment  of  Franklin- 
black  drosses  arc  more  potent  than  white  ones  a«  abeorbcra 
of  solar  beat. 

Thus,  in  brief  outUoe,  liave  been  brought  before  you  a 
few  of  the  n-MiiIt*  of  recent  enquiry.  If  you  ask  me  what 
is  Uie  u«e  of  tlieut,  I  can  hardly  answer  you,  unless  ya 
define  the  term  use.  If  you  meant  to  ask  wbetfac 
those  dark  rays  which  clear  away  the  Alpine  snows, 
ever  be  applied  to  the  roasting  of  turkeys,  or  tJie  drivii 
of  stenm-eaginea— while  affirming  tlivir  ]>owor  to  do 
I  would  frankly  confcst  that  they  are  not  at  present 
capable  of  competing  profitably  with  coal  in  tlicse  parti- 
culars. Still  they  may  have  great  uses  unknovra  to  tne-, 
and  when  our  eonl-lieUU  are  e-xhausted,  it  la  possible  that 
a  more  aothereal  race  tJian  we  are  may  rook  their 
victuals,  and  perform  their  work,  tn  this  trausceuduntal 
way.  But  ia  it  necessary  tbat  ttie  student  of  »deo<^H 
should  have  his  Inbonis  tested  by  their  possible  practlo^ 


■ppticntiWM?  What  i*  tlie  pmctiml  vnliip  of  Homor'a 
Itiad?  Vou  »iuil^,  and  j>o§!iibly  tlimk  that  HomiT'a  Iliad 
u  good  aa  a  means  of  culture.  There's  the  nib.  The 
people  who  demand  of  Bcimce  practical  uses,  forget,  or  do 
iMi  luiow,  that  it  also  is  grvat  as  a  means  of  caltore — that 
the  knowledge  of  this  wonderful  imivcrw  is  a  thing  profit- 
able lu  itAclf,  and  requiring  no  practical  applicatjon  to  jiu^ 
U^  ita  porauit. 

But  while  the  ftudcnt  of  Natttr«  distinctly  refuBes 
to  luiTc  hit  labourc  judged  hy  tl>eir  pncticnl  ii^siics,  un- 
la  Ll»e  term  practical  he  made  to  include  mentui  as 
well  as  nwterial  good,  he  knows  full  well  that  the  great«ft 
pcactical  triiimpliA  liare  been  episodes  in  the  search  after 
pura  natorat  truth.  The  electric  telegraph  is  the  standing 
woiMler  of  this  age,  and  tho  men  whose  scientific  know- 
ledge, and  mechanical  skill,  haw  miule  the  (^.-Icgraph  what 
it  ii,  are  deaerring  of  all  honour.  In  fact,  Otey  liavc  bad 
tiuiir  reward,  both  in  reputation  and  in  thoae  more  aiibatan- 
Ital  beneSta  which  the  direct  service  of  tlie  public  always 
carries  in  its  train.  But  wbo,  I  would  ask,  put  the  soul 
into  Ibis  tclrsraphio  body  ?  Who  matched  fixim  heaven 
the  fire  that  flacbea  along  the  line?  Thix,  I  am  bound  to 
lay,  waa  done  by  two  men,  the  one  a  dweller  in  Italy,' 
the  otlier  a  dweller  to  England,*  who  never  in  Uieir 
•Dquiriea  consciotisly  set  a  practical  object  before  them, 
^whon  only  stimulus  was  the  £iscin»tton  which  draws 
(ho  climber  tii  a  never-trod<tcn  peak,  and  would  luivo 
made  Cxsar  quit  his  victories  for  the  sources  of  the 
Nile.  Ttiat  the  knowledge  brought  us  by  those  prophets, 
priests,  and  kin^  of  ecienoe  is  what  the  world  calU 
useful  knowledge,  the  Inimiphaiit  application  of  their 
discoveries  pro?e«.  Rut  scienoo  has  another  fimcttoa 
lo  fulfil,  fn  the  storing   and  the  training  of  tho  human 
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tnind;  and  I  voold  base  my  appeal  to  you  on  the 
■pecuneo  which  has  this  eTening  been  brought  before  jon, 
whether  any  system  <^  edoeatiea  at  the  present  day  can 
be  deemed  even  aypn>zimatdy  complete,  in  which  the 
kaowkdge  of  Natore  is  oegleeted  or  ignored. 


The  opening  paragraph  of  this  article,  as  indeed  many 
othos  in  this  Tohme,  show  that  'the  crossing  of  the 
boundaiy  of  experiment,'  the  mention  of  which  caused  so 
moch  commotion  last  year,  is  no  new  heresy  of  mine. 
December  1875. 
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§1. 

IN  1868  t  asked  permiMiion  of  tiie  Roj^l  Society  to  draw 
the  attention  of  chomiEts  to  a  method  of  expenuient 
which,  though  eimpK  was  unkoown.  It  consista  in  sub- 
jocting  tho  rapoun  of  vt^tile  liquids  to  tho  nctioti  of 
c>inc4>ii( rated  nunlight,  or  to  tho  coDcentrat«(]  beam  of 
the  cloctric  lifflit.  Tliis  oommiinioation  was  the  imtno 
diat«  aotucedent  of  the  discoOTBe  on  '  Dust  and  Disease ' 
which  follows  it  in  this  volume ;  and  aa  such  is  introduced 
h«ra. 

E\  Actum  of  the  EUctric  lAghL 

A  gloss  tube  2-8  f«vt  long  and  of  S-.'S  inchea  intfirnalj 
aet«r,  which  had  hwn  IreqiicDtly  emploj-ed  in  my  re> 
ehea  on  radiant  heat,  was  supported  horisontall;.  At 
aofl  end  of  it  was  placed  an  electric  lamp,  the  height  and 
poiitioD  of  both  being  so  arranged,  that  the  axis  (^  tba 
0aM  tube,  and  that  of  Uic  puinllot  beam  issuing  from 
the  lamp,  were  coincident.  The  tube  in  Uie  first  experi- 
nenU  waa  dosed  by  platei  of  rock-salt,  and  subsequently 
l^  plates  uf  glaat. 

This  tube  which,  as  on  former  occasions,  for  the  sake 
of  distinction,  I  call  the  experimental  tube,  was  connected 
with  an  air-pump,  aad  also  witli  a  scries  of  drying  and 
gtbor  tubas  ttsed  for  the  purification  of  the  air. 


FBAOJOcns  or  scibvce. 


A  Dumbet  of  toat-tabei,  like  r,  6g.  2  (1  bav«  m 
[Itaa  6^5  of  tlicm),  were  eoorerted  into  WoulTs 

Tm-t.  Hacb  of  Uiem  was  stopped  by 

rork,  through  irhich  ptuecd  twdil 
glaaa  tubed :  one  of  thew  lub(« ' 
(x)  CDckd  inunMialel;  below  tli« 
cork,  irbile  the  MW-t  (b)  dMeeoded 
to  the  bottom  of  tb«  flaak,  beiu; 
dr«wn  oat  at  its  bw«r  end  to  an 
oriftce  about  0-03  of  na  inch  in 
diameter.  It  was  found  Dcocaau; 
to  coftt  the  cork  caitifuUy  vitb 
eemest. 

The  little  Baak,  tbtu  roraott, 
was  partially  filled  vith  the  liquid 
wboee  vapoor  mu  to  be  examined; 
it  VSB  tlico  introduced  into  the 
path  of  tbc  piiriiled  euirent  of  sir. 
TIm  esp<-riinental  tube   being 
exhausted,  and  tbc  cock  which  cal^ 
oSrtJie  supply  of  puri Bod  airbcinj^j 
cautiously  turned  on,  tbc  air  en- 
tered the  flask  thro^li  tlie  tul 
b,  and  escaped  1^  the  stnall  i>riSr 
at  the  loner  end  of  b  into  the  liquid.    Through  this  it 
bubbled,  loading  itself  with  vapour,  after  wfaich  the  miic 
air  and  vapour,  passing  from  the  flask  by  the  tube  a,    ., 
entered  the  experimental  tube,  where  thoy  were  subjectcdH 
the  action  of  light.  ^fl 

The  power  of  the  electric  beam  to  reveal  the  existence 
of  anything  within  Uie  experimental  tube,  or  the  ito- 
|>uiiti«fl  of  the  lu1>e  it«elf,  is  extraordinary,  '^lien  the 
L-xperiment  ia  ta&de  In  a  darkened  room,  a  tube  which  in 
ordinary  daylight  appcani  abfutott-ly  clean,  is  often  shown 
by  tJie  present  mode  of  examination  lo  be  ezcoediogly  filthyj 
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The  rulluwing  sre  Mae  of  llm  ruulu  obtaini^  nitJi 
this  ■rrnnp^ment : — 

KitriU  of  ami//. — The  vapour  of  this  liquid  wu  in 
Ifad  iirat  in^ance  permitted  to  enter  tbe  experimental  tube, 
wlnltt  tiie  beam  from  the  eloctrio  Ump  woa  passing  tbrougli 
[L  Curioos  cldtHlH  were  oiNerTcd  to  fdnn  uc«r  tbo  place 
of  tsArj,  which  were  sftarwutU  whirled  Ihroiigk  tne 
tube. 

TTio  tube  being  Agtin  exhausted,  the  inix<^  air  and 
rapour  were  allowed  to  ei]t«r  it  in  the  dark.  The  eligbtlj' 
Doavergent  beam  of  tha  dectrio  light  was  then  Bent 
through  the  tul>e,  from  end  to  end.  For  a  moment  tha 
lube  was  opti<xJ{y  cmpti/,  nothing  wbatevor  was  Been 
wilbitt  it;  tmt  before  a  eecond  lud  elapevd  a  shower  of 
liquid  spherulns  wn»  prvcipitatvd  on  tbe  bean,  thus  gcno 
rating  a  cloud  within  Oic  tube.  This  cloud  became  denser 
a*  tbe  light  continued  to  act,el>owing  at  some  plaecs  rivid 
iridcsccnoc. 

Tbt  beam  of  tbe  electric  lamp  wae  now  converged  ao 
as  to  form  within  tbe  tube  a  cone  of  lajs  about  eight 
inches  long.  Tittt  tube  was  cleansed  and  again  filled 
in  doikniMM.  When  tlin  light  was  nent  through  it,  the 
pncipitatioa  upon  the  beam  was  so  rapid  and  intoase 
that  the  corn?,  which  a  moment  before  was  invinble, 
flaslied  suddenly  f»rth  like  a  solid  luminous  ):pcar. 

The  eSect  was  the  same  w)u.-n  the  air  and  vapour  wore 
aDowed  to  enter  the  tube  in  difiu-w  daylight.  The  cloud, 
however,  which  kltone  with  Bueh  extraordinary  radiance 
under  the  electric  beam,  was  invi&ibic  in  the  ordinary 
light  of  tbe  Ubomt^kry. 

Tbn  quantity  of  mixed  air  and  vapour  within  the  ex- 
perimeolal  tulw  ceidil  of  cvams  be  regulated  at  pleasure. 
The  rapidity  of  tbe  aetion  diminiithed  with  Ihc  attenuation 
of  tbo  vapour.     Wtien,  for  example,  the  mercurial  column 

Biat«d  with  tbo  ex|>erimcntal  t^ibe  was  dcprcfiicd  only 
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five  iDcboi,  tbe  aotion  wbb  not  dcwI^  m  tapid  as  wfaca 
tube  was  fulL  to  luch  cases,  howcvfir,  it  was  exoeedinglj 
interesting  to  oburte,  afW  some  •Pcoods  of  waiting,  a 
thin  BtrauDer  of  delicate  bluish-wMle  cloud  slowly  fono- 
ing  along  tbe  axis  of  the  tube,  and  Knally  tnri-llJDg  mts 

toeuiL  ^H 

Wbea  6xj  oi^gen  ww  employed  lo  cair;  in  tlti!  va|nS^^ 
Urn  eSbct  waa  Uio  nme  as  tliat  obtained  witb  air. 

^^luH)  dry  hydrogen  wiu  iinxl  as  a  vehicle,  the  effect 
was  also  the  aame. 

The  effect,  therefore,  ia  noi  due  to  any  inti^raciion. 
betirMn  t)>e  vapour  of  the  nitrite  and  tLa  vehicle. 

Tliiswas  further  demon ^ti^ted  by  tbe  deportment 
the  vspour  iteelf.     When  it  was  pennitted  to  enter  thfl' 
experimental  tnbc  unmixed  with  air  or  any  other  gas,  the 
eiTect  was  substantialty  the  snnti*.     Hcoce  the  teat  of  th| 
obBcrred  action  {«  the  vapour. 

This  action  is  not  to  be  ascribed  to  beat.  With  refe 
ence  to  the  glass  of  tbe  experimental  tube,  and  the  air 
within  the  tube,  the  beam  employed  in  these  experiments 
wns  porfeetly  eotd.  IthadboensififidbypBEaingit  through 
a  ;olution  of  alum,  and  through  the  thick  dotible-convei 
lens  of  the  lamp.  When  the  nnsift^'d  bcaiii  of  tJie  lamp 
woA  cmployod,  the  cflcct  wu  still  the  fninc ;  the  obscun 
calorific  rayn  did  not  appear  to  interfere  with  the  result.  ^M 

My  object  here  being  simply  to  point  out  to  chemists  ^^ 
method  of  experiment  which  reveals  a  new  and  beautiful 
eeriM  of  reaction*;,  to  them  I  leave  the  examination  of 
products  of  dccomptwition.     Tito  molecule  of  tlio  nitrite 
amyl  is  obviotisly  shaken  asunder  by  certain  »p<«ifio  wavi 
of  the  electric  b«tam,  forming,  doubtless,  tutric  oxide 
other  product*,  of  which  the  mtrate  of  amyl  is  probabl; 
one.     The  brown  fumos  of  nitrous  acid  woro  also  seen 
mingle   with   the  clmid   within   the  «zpcrimiintal   tu 
The  nitrate  of  amyl,  being  }^m  volatile  than  rhe  nltrit 
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■od  not  being  able  to  maintain  itaelf  in  th«  eoDtittion  of 
nponr.  would  b&  prO'dpitated  as  a  vioible  {•loud  along  Hm 
tnck  of  the  bram. 

In  the  aatericn'  porttotii  of  the  tube  a  nFtiDg  of  the  beam 
bj  the  vopoOT  oecun,  wlikli  dimtniflics  the  chemical  action 
ia  the  posterior  portions.  In  tome  expt-nmiMita  tbu  pr^ 
dpitatod  Rload  on!;  extended  halfway  down  the  tube. 
Wbea,  under  these  circunutances,  the  Ump  was  shifted  m 
u  to  lead  the  beam  iLroiigfa  the  other  end  of  the  tube* 
precipitation  occurred  there  also. 


Action  of  Sanlighi. 

Solar  light  aUo  effectti  the  decomposition  of  the  nitrite* 
(iC«mjl  vapour.  On  Oetobor  10  I  paitiully  darkened  a 
tmall  room  in  the  Royal  InsLitutiun,  into  which  tho  sun 
ihone,  permitUng  the  light  to  enter  through  an  open 
p(^CFn  of  the  windov-ahut^er.  In  llie  track  of  the  beam 
wu  placed  a  Urge  pbrno-^oovex  loot,  which  formed  a  fine 
oonvergent  cone  in  the  duMt  of  tlic  room  behind  it.  The 
eiperimimtjil  tut)e  wus  filled  in  tho  hiboratory,  covered 
with  a  IJflclc  cloUi,  and  carried  into  the  partially  darkened 
roum.  On  thrusting  one  end  of  tho  tube  into  the  cone  of 
rays  behind  tho  lcn«,  precipitation  witJiin  the  cone  was 
BOpiooa  and  imniediiit«.  Tho  vapour  ut  the  distant  end 
of  tbv  tiilxt  wad  in  part  sbiolded  by  that  in  front,  and  ms 
mure  fi^ebiy  acted  on  through  the  divergi-noi!  of  tho 
ky<.  On  reversing  tho  tube,  a  second  and  similar  cone 
wst  precipitated. 

Ph*in'uxd  Cvn^ideratienu. 

I  loagbt  to  dvtermioA  the  partioakT  portion  of  the 
white  beam  which  produced  the  for^foing  effects.     ^\*h(a, 
loiii  to  cnttmng  Uie  rxjxtnmviilal  tube,  the  beam  wa« 
to  piiai  thruugli  a  rod  glass,  tlto  offvct  was  greatly 
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ffcakviiMl,  iMl  not  esUnguisbed.  Thu  was  al»o  the  caw 
with  rarious  samples  of  yellow  gloss,  A  blae  glass  being 
inUoducvil,  before  tlic  ruDOVal  of  the  jollow  or  tho  rod, 
OS  taking  Uio  luU«r  awmyaagst«ut«d  prDcipitatioa  oociutocI 
along  the  Lnick  of  Lbe  l>iu«  beam.  Heooa,  in  UiU  aae, 
Uw  moT6  le&angibU  rays  are  the  most  «Ii«tnioaUjr  active. 

The  colour  of  the  liquid  nitnto  of  amyl  indicates  tlutt 
this  must  be  tbo  cmso ;  it  is  a  f<>cblo  but  distinct  yellow : 
in  otbiT  words,  the  yellow  portion  of  the  Ixian  is  most 
freely  tnuumitt<.-d.  It  ts  not,  however,  the  tratumitted 
portion  of  any  beam  which  produces  chemical  action,  but 
the  absorbed  portion.  Blue,  as  the  complemontary  colour 
to  yellow,  is  hero  nbsorbod,  and  hence  the  more  oDorgctl 
action  of  the  blue  luys.  This  reasoning,  however,  assumi 
Owt  the  same  nys  are  absorbed  by  the  liquid  and 
vapour. 

A  solution  of  the  yellow  obiomate  of  potaab,  the  colour 
of  which  may  be  made  almost,  if  not  altogether,  ideatieal 
with  that  of  tho  liquid  nitrite  of  amy],  was  found  fiir  more 
effective  in  stopping  the  chemical  rays  than  rither  the  nsl 
or  the  yellow  glass.  But  of  all  xubstances  the  nitrite 
self  is  most  potent  in  arresting  the  rays  which  ad 
its  rapour.  A  layer  one-eighth  of  an  inch  in  thi 
which  gearoely  pr«c«pUbly  affected  tlie  luminous  intensity, 
sufiSocd  to  aUwrb  the  entire  chemical  energy  of  the  con- 
centrated beam  of  the  electric  light. 

The  close  relation  suhsiMting  between  a  liquid  and  ita 
vapomr,  as  re^rarda  their  action  upon  radiant  heat*  has  beea 
already  amply  dcmonstratod.'  As  regards  the  nitrite  a 
amy],  (his  relation  is  more  specific  than  in  the  easJ 
hiUierto  adduced ;  for  here  the  Kpceial  constituent  of  tliJ 
beam,  which  provokes  the  docompoaition  of  the  vapour,  m 
■liown  to  be  arrcet«d  by  the  liquid.  I 

A  question  of  extreme  importanoe  in  molecular  phyidd 
•  -VUH  Tom.'  ISIl4 ;  half.  Mat  Uiii  vetnaM.  I 
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iwre  arines:  What  u  tlic  rral  ro«chaniBm  of  this  alMorp- 
tiuB,  Aod  wbcre  U  iU  seat  ?  ' 

I  figure,  ax  othtra  do,  a  mo]«culv  as  a  group  of  atomd, 
lielil  togt-llittr  by  tfieir  mutual  fiweet,  but  atiJl  capable  of 
motiuu  ntijoug  tbenuelree.  The  vapour  of  tbe  niUit«  of 
uaj\  is  lo  lie  r«g:ardeil  aa  an  assemblage  of  tmch  itwlccu1f«. 
Tlic  ({iicuition  now  before  us  is  this:  In  tlie  act  uf  alntorp- 
tioD,  is  it  the  molecules  that  are  effective,  or  is  it  their 
eouitltumt  atoms?  la  the  t'i«  viva  of  the  int«roi'pt<»I 
light-waves  braacfened  to  the  moWule  as  a  whole,  or  to 
its  oomtituont  pnrta  ? 

The  malecult*,  as  a  whok%  con  only  vibrato  in  virtue 
of  tiw  forces  exerted  between  it  and  its  neighbour  in»li?- 
culc*.  The  intensity  of  these  forces,  a&<)  consequently 
Uie  iut«  of  vibration,  would,  in  tht*  ease,  be  a  funettoo  of 
the  distance  between  tlie  molecuk^  Now  IJie  identical 
abaorptioQ  of  the  liquid  and  of  the  vaporous  nitritn  of  amyl 
indicates  an  identical  vibrating  period  on  the  part  of 
liquid  and  vapour,  and  this,  to  my  mind,  amounts  to  au 
eiporimcat«)  drmomitratioD  that  tho  alworption  occurs 
in  the  main  urithin  the  molecule  Fur  it  can  hardly  be 
roppnwd,  if  the  abwrption  were  the  act  ofthu  molecule  as  a 
whole,  that  it  could  continue  to  affect  waves  of  the  same- 1 
period  after  the  eubetaooe  had  pooed  from  tlie  va]>orous  lo 
tlie  liquid  state. 

Id  point  of  &ct,  the  decompositiou  of  the  nitrite  of 
amyl  is  itself  to  aome  extent  an  illustration  of  this  in- 
tania]  moicculai-  ahaorption  ;  for  were  the  absorption  the 
BBt  of  the  molecule  as  a  whole,  tlic  rtlative  motions  of  its 
cuoBtitoent  atoms  would  remain  uneliauged,  aod  thervi 
would  be  uo  mechanical  caufe  for  their  Eeparation.  It  is 
probnbly  the  BTDchroni«m  of  the  vibrations  of  one  portion 
of  the  molflculd  with  the  incident  wave*,  that  enable*  the 

*  11/  •Uotwii  ncTcry  foticBbt/directtilia  tU*  MluMt  aos*  jtMS  afe 
(9  a  Miin-nHiim  with  ni;  axottlnit  AifiiJ  FroroMur  Cliukiiiu, 
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amplitude  of  thnw  vibntloni  to  augraentf  uniil  Uw 
cKaiu  wiiidi  btndK  the  parts  of  th«  moleeule  together  i» 
mapped  asander. 

The  liqttid  nitrite  of  amyl  is  probablf  abo  decomposed 
by  Ugbt ;  but  the  reaetioii,  if  it  exisla,  is  incomparably  less 
rapid  and  distinct  than  that  of  tho  vapoiir.  Nitrite  of 
aniTl  baa  been  6ubj(!«twl  to  tJio  cooocntrntiMl  solar  injit 
tinlil  it  lioiltid,  and  it  luu  been  peRDitt«d  to  contlmiQ 
boiling  for  a  coniidenble  tiroi^  iritbout  atij  dintinctly 
appan--ut  cliange  occurring  in  tbe  liquid. 

I  anucipate  wide,  if  not  entire,  generality  for  tlio  faoL 
tltat  a  liquid  and  Its  vapour  absorb  the  same  rays.  A 
of  liquid  chlorine  now  preparing  for  me  will,  I  ima^i 
deprive  Ugbt  more  effectually  of  its  power  of  cau«iu| 
cfalorine  aod  hydrogen  to  oombioe  than  any  other  Biter  of 
the  luminous  rars.  Tbo  lays  wlii^  give  chlorine  it« 
colour  have  nothing  to  do  with  this  combiuation,  those 
that  ate  absorbed  by  Uie  ditortne  being  the  really  effec- 
tive rays.  A  highly  aeositive  bulb,  containing  chlorine 
and  hydrogen,  in  the  exact  proportions  neceasaiy  for  tho 
formation  of  hydrochloric  acid,  was  placed  at  one  end  of 
an  experimental  tube,  the  beam  of  the  electric  lamp 
being  sent  throu<{h  tt  from  the  other.  The  bulb  did  not 
explode  when  the  lube  was  filled  with  chlorine,  while 
■■xplonoo  was  rioh-nt  and  iroini-diate  when  the  tube 
tilled  with  air.  I  anticipate  fur  ilie  liquid  dilorine 
action  similar  to,  but  still  more  energetic  than,  that 
exhibited  by  tbe  gas.  If  this  should  prove  to  be  the  case,  it 
will  favour  the  view  that  chlorine  itself  is  violeeular 
not  monaiomic 

Pnxlturtion  of  Skjf-btiu  b^  ths  Deoomp  aition  < 
IfUriit  of  A  myf. 

When  the  quantity  of  nitrite  rapour  is  con»tdt.'rab1« 
and  the  light  iutense,  the  chemical  action  is  esoevdingl) 
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npid,  Uie  particlR*  prcvipitat^xl  heiag  so  large  u  to 
wkittrn  Uie  lumiuotu  bcnm.  Not  EO,  howeyer,  wlten  a 
wrll-mixed  and  biglily  atl^iinittctl  vapour  (ills  the  esp«ri- 
a<-nlal  tube.  TIil-  eOeet  now  to  be  d<»cTibc<d  ma  6rst 
pblaiuud  when  the  vapour  of  tlie  Ditrtte  m»  dcrtvpd 
Etum  a  portion  of  its  liquid,  accideDtally  introduced  into 
tbe  pBBBHge  tbrough  whiuli  the  dry  air  6ow«d  into  the 
ataltubc 
In  tbt>  eaut,  the  electric  bvam  trnvorwd  tho  tube  for 
venU  Moonds  before  an;  action  wiu  vixlbli;.  Dev-oni- 
itiuD  tJien  vlsibl;  eoounenced,  and  advanced  elowly. 
>^'Len  tbe  light  was  very  itxong,  tbe  cloud  appcainl  of  a 
Ity  blue.  When,  on  the  oontxar;-,  the  inlensity  was 
it«,  the  blue  wa«  pure  and  deep.  In  Briicke'H  im- 
portant ozpcrimenta  on  tbe  blue  of  the  sky  and  Uw  moni- 
|ing  and  c^'vning  rvt\,  pure  mastic  is  dJuiolved  in  ulcoholt.: 
tbcn  dropped  into  water  well  vtirrcd.  When  tbv  pro- 
portion of  nuutic  to  alcohol  is  correct,  the  resin  i«  pre^ 
tapilatcd  ft  fim-Iy  m  lo  elude  tbe  bigh<«t  microaoopio. 
''ftuwer.  By  reilct:tiM)  light,  such  a  medium  appears  bluish, 
by  transmitted  light  yellowish,  which  Utter  colour,  by 
Qting  the  qiiautity  of  the  precipitate,  can  be  canst-d 
into  orange  or  red. 
fiut  the  development  of  coloor  in  Uie  nttcnuat^-d 
n!trit4»-of'nmyl  vapour,  though  admitting  of  the  same  ex- 1 
planntiou,  is  doubtless  moro  vimilar  to  what  takes  place 
in  our  atjno«plH--Tc.  Tliu  blue,  moreover,  is  far  purer  and 
tnoru  sky-like  l-ban  that  ohtained  from  Itrucke's  turbid 
milium.  Never,  even  in  the  skies  of  the  Alps,  liavc  I  »wn 
a  richer  or  a  purer  blue  than  that  attainable  by  a  suitable 
dispodutjon  of  the  light  lulling  upon  the  precipitated 
vapour. 

In  exliaiuting  tbe  tulie  containing  the  mixed  air  and 
■titrite-of-aniyl  vapour,  it  was  difficult  to  avoid  explosions 
ludar  the  pistons  of  the  air-pump,  similar  (o  thodc  which 
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I  Inve  already  described  u  occurring  witb  the  rapoun 
bisulpbidt!  of  carbon  umI  otber  »ubdtaDce».     Though  th4 
quantity  of  vapour  prMCDt  In  Uiese  caws  must  bave  been 
inGnit^eimal,  iU  espIosJoD  was  sometimes  sufficient  to  de> 
stroy  the  valves  of  the  pump. 

JoditU  of  AUyt, — Among  tbe  liquids  hitherto  sub- 
jcctud  to  the  coDOFutrut^d  electric  li^t,  iodide  of  idly1,H 
in  point  of  rapidity  and  iutcndly  of  action,  comc$  next  ta^ 
the  oitritfi  of  amyl.     Witli  the  iodide  of  allyl  1  have  em- 
ployed both  oxygen  sitd  hydrogen,  as  well  as  air,  as  a 
vehicle,  and  found  th«  effect  in  all  cases  substantially  the 
same.    The  cloud-column  hero  was  exquisitely  beautiful. 
It  revolved  round  tbe  axis  of  tbe  docomposing  beam  ;  it 
was  nipped  at  certaia  plaoot  like  au  hour-glass,  and  round 
tJie  Iwu  belli  of  tbe  glass  delicate  cloud-fiUnunitA  tvistodfl 
tlwnuwlvcB  in  spirals.     It  also  folded  itself  into  rouvolu- 
tions  resembling  those  nf  shells.     In  certain  conditions  of 
the  atmosphere  in  tlic  Alps  I  have  often  obsened  clouds  of 
a  specaal  pearly  lustre ;  when  hydrogen  was  made  tha^ 
vehicle  of  tbe  iodide-of-allyl  vapour  a  ximilar  lustro  was 
meet  exquisitely  shown.     With  a  suitable  diepositioB  of 
the  light,  the  purple  hue  of  iodine-vapour  came  out  reryj 
Ktrongly  in  (he  tube. 

Tlie  remark  already  miule,  as  to  tbe  bearing  of 
decomposition  of  nitrite  of  amyl  by  tight  on  the  qiie-slion 
of  molecular  absorption,  applies  here  also ;  for  were  thi- 
absorption  tbe  work  of  the  molecule  as  a  whole,  the  iodine 
would  not  be  dislodged  from  tbe  altyl  witb  which  it  is 
combined.     Tbo    non-synchronism   of    iodine   with    the 
waves  of  obscure  heat  i«  ■lUisliitti.-d  by  its   morrcUoua 
transparency   to  such   hiaU     May   not  it«    synchronism 
with  tV  wavc«  of  light  in  the  presi-ut  instanec  be  thoj 
cause  of  its  divorec  frum  ibe  allyl?     Further  esgierimcnt 
on  this  point  are  in  preparation. 

loditU  of  Iaopropi/l.~Thc  action  of  light   upmi   th«^ 
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vapour  oC  tbu  liquid  is,  at  first,  more  Uaguiil  tlian  upon 
iodidd  of  allyl;  indeed  many  beaotiful  reaotioiu  majr  bei 
overlooked,  in  coiucqucnc«  of  this  languor  at  the  com- 
meacvment.      After  aome    iniuiitc^'  expoaurf,    however,^ 
cloods  begin  to  form,  which  grow  in  density  and  in  bcautj^l 
»   the   light   continues    to    act.     In  eveiy  experiment 
biUierto  made  with  tiiis  stibetance  the  column  of  cloud 
filliog  the  experimental  tube,  was  divided  into  two  dia- 
tinot  pATte  near  the  middle  of  tho  tube.     In  one  expm- 
ncDt  a  globo  of  clow)  formed  at  the  centre,  from  which, , 
right   and  -left,   is»)icd  an  axis   uniting  tbe  globe   with 
tiro  ■djoeciit  cj'lindcrn.     Both  globe  and  cyliDders  were 
animated  by  a  commoD  motion  of  rotation.    As  tbe  action 
Riutinued,  paroxysms   of  motion   were   manifested;  tJie 
varioos  parts  of  the  cloud  wotild  rush  through  each  oth?r 
witli  sudden  violence.     During  these   motions  beautiful, 
and  grotesque  cloud-forms  were  (Jovelc^>ed.     At  some  plocea 
tiio  nebulous  mass  would  become  ribbed  k)  as  to  resemble 
tho  graining  of  wood ;  a  longitudinal  motion  would  at 
titoM  generate  in  it  a  series  of  curved  transverse  bands, 
the  retarding  influence  of  tbe  sides  of  tbe  tube  causing  an 
a[  pearaace  resembling,  on  a  tmall  scale,  the  dirt^bandj , 
of  the  ller  do  Gbce.     In  the  anterior  portion  of  the  tube  ' 
tboM  sodden  eommntiona  were  moKt  intense;  here  buds  of 
clmid  would  sprout  fi>rtb,andgrowinafew9eoondaintaper- 
lect  flower-like  forms.   Tbecloudof  iodide  of  isopropyl  had 
a  ehaiacter  of  it«  own,  and  differed  materially  from  ail 
otbera  that  I  had  seen.     A  gorgivtu  ronuvc  colour  waa  i 
obaerrod  in  the  last  twelve  i»che«  of  tlie  tube;  tho  vapour' 
of  iudinu  was  prewat,  and  it  may  have  been  tho  sky-blue 
f(sttjTre<l   by  the  precipitated  porticlee  which,  mingling 
with  the  purple  of  the  iodine,  produced  the  mauve.     As 
in  alt  othor  coses  hero  additoed,  the  effects  were  proved 
to  be  due  to  tl)v  light ;  llK-y  never  occurred  in  darkness. 
llic  forms  itMumoil   by  itomo  of  those  actinic  clouds. 
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in  eoDs«|Dta)»  of  rotationa  and  other  motioiu,  dua  to 
()ilTerenci?s  of  tempenttore,  an  perfleett;  aatoandlDg.  I 
ctinfebt  inTself  licru  with  n  meogn  drecripUoo  of  one 
more  of  Ihcm. 

Tlt«  tube  being  filkd  with  tlie  semitive  mixture,  tiie 
beam  wu  teat  thnnigh  It,  the  lena  at  lb»  aame  Ume 
bctn  j;  so  plaeed  as  to  produce  a  cone,  of  very  intense  light. 
Two  nuDUtee  elapeed  before  anylliing  waa  viable ;  but  at 
the  end  of  this  timo  a  &itit  bluieh  cloud  appeared  to  baI^( 
itself  on  the  inoal  conoeninttvd  portion  of  the  beam. 

Soon  aft«rwjird«  a  second  cloud  wm  formed  five  incha* 
&rtbcr  down  the  experiEnental  tub«^  Both  clouds  w«rr 
united  \>y  a.  Hlender  cord  of  the  nme  hluidi  tint  as  tbcm- 
•elvcs. 

As  t]»  action  of  the  light  oontinued,  the  first  cloud 
gradually  resolved  it«elf  into  a  series  of  parallel  di&ks  of 
exquisite  delicacy,  which  rotated  round  an  axis  perpen- 
dicular to  tbeti  surfiwos,  and  finally  blended  to  a  screw 
eurfaoc  with  an  inclined  geaeratriz.  This  giBdoall; 
chnnged  into  a  filmy  funnel,  from  the  narrow  cod  of 
which  tlio  *  cord '  extended  to  the  cloud  in  advance.  The 
htter  also  underwent  slow  {>ut  incessant  modification.  It 
first  resolved  itself  into  a  series  of  strata  resembling  those 
of  the  electric  discharge.  After  a  little  time,  and  Uitoii^h 
changes  which  it  was  difficult  to  follow,  both  clouds  pre- 
sented the  appearance  of  a  series  of  concentric  (honels 
set  one  witliin  the  other,  tJie  interior  onm  being  seen 
through  tlie  outer  ones.  Tliose  of  the  distant  cloud  r^ 
(lemUed  olaret-glassea  in  shape.  As  many  as  six  funnda 
were  thus  oonoentricaU;  set  together,  the  two  iteries 
being  united  by  the  delicate  cord  of  cloud  already  re- 
ferred to.  Other  cords  and  sleodcr  tubes  were  nfterwards 
formed,  which  ooiled  themsclrca  in  dclicatv  vpiniU  around 
the  ftinnol*. 

Rendering  tlie  light  along  the  connecticg.«ord  more 
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frt^nBe,  it  dlmlnUhcd  in  Uucknp^  and  bccAtne  whiter ; 

tUi  WAN  a  cDDsequence  of  the  enlargtint-ut  of  iU  particlee. 

Tka    cyrti  &aaUy  dimppeatedf  while  th«  funnelt  mrlt^ 

into  two  gboet-liko  tilms,  shaped  like  para*a]»,  Tbcjr 
were  bsiel;  vieibl^,  beiof;  of  an  exceedingly  delicate  blue 
tint.  They  8e«>med  woven  of  blue  air.  .  To  oompare  Ui«m 
wiUi  cobweb  or  with  gnuze  would  be  to  liken  tiiem  to 
fumetliiriK  ioBnitcly  gtoeaet  than  themselves. 

Id  all  aueu  ■  dwtant  candl^flnme,  when  looked  at 
Uinxigli  tite  cloud,  was  »en«iUy  undimmod. 


f  2.  Or  tkb  Blok  CoLom  or  tbk  Skt,  axd  thb 
PoLAttisATios  or  Skilioht.* 

uea. 

AAer  tlie  communication  of  the  foregoing  brief  abstract 
'  Uo  a  new  Series  of  Cliemic&l  Reactions  paroduocd  by 
Ligbt,'  tbe  experiments  upon  tJiis  subject  were  continued, 
iJie  number  of  substances  thus  act«d  on  being  considerably 
increased. 

I  now  beg  to  direct  aiteotioa  to  two  questions  glatuxd 
at  incidentally  in  the  abstract  referred  to — tho  blue 
coloor  of  tbe  sky,  and  the  polarisation  of  skyliRht.  Re- 
•erving  the  historic  treatment  of  the  subject  for  a  more 
fittiBg  oocaaion,  I  would  merely  mention  now  that  th««e 
lestions  constitute,  in  tlw  opinion  of  our  mo«t  cminfint 
thorities,  tho  two  gT«ttt  slanding  enigmas  of  roeteor- 
nlo^.  Indeed  it  wa«  tho  interest  manifested  in  them 
by  Wir  John  Henchel,  in  a  letter  of  singular  speculative 
jv>wcr,  addniised  to  myself,  that  cauocd  mc  to  outer  upou 
th<^  consideration  of  these  questions  m  soon. 

The  apparatus  with  whidi  1  work  oousisls,  as  already 
■rtalpd,  of  a  glass  tube  about  u  yard  in  length,  and  from 

*  Im  KJ 'Sjttana  tM  li^l' (Liagiuat),  tha  pslariMtioa  arilgU  will 
W  feoid  WaBj,  bst,  1  IroM,  dmiij  upkiBad. 
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2|  to  3  inclws  intenml  diameter.  The  vapour  to  be 
examiDed  is  tatrodaced  into  this  tube  ia  th«  manoer  de- 
scribed ia  mj  la»t  abetrftct,  and  upon  it  thcooodenied  beam 
of  the  cloctrio  lamp  u  permitted  to  act,  until  tlie  Dcutialitj 
or  Mm  activity  of  the  subfitance  ba»  been  declared. 

It  had  hitherto  been  m;  aim  to  render  the  cbomical 
action  of  light  upon  vapours  vinbi*.  For  tfaia  purpose 
aubetaacee  bare  been  chosen,  one  at  lerat  of  wboac  pro- 
dact«  of  dceompocitioD  under  light  HhaU  have  a  boiling- 
point  so  high,  that  as  soon  as  the  substance  is  formed  it 
dull  be  preeipit^ed.  B;  graduating  the  quantity  of  the 
vapoor,  this  predpitatioD  may  be  rendered  of  any  dt^rec 
of  Bnencss,  formlDg  faitiele*  distinguishable  by  the 
naked  eye,  or  &r  beyond  the  roach  of  our  highoet  micro- 
scopic powers. 

I  have  DO  reason  to  doubt  that  particles  may  be  thus 
obtained,  nho«  diameters  eonttitute  but  a  small  fraction 
of  tbe  lengtli  of  a  wave  of  violet  lighL 

In  all  cases  vben  the  vapours  of  the  liqtuds  employed 
are  Bwfficientty  attenuated,  no  matter  what  the  liquid 
may  be,  the  Tieiblc  action  commences  with  tbe  formation 
of  a  blu«  eloud',  I  would  guard  myself  at  the  outset 
HgainHt  all  miscouccption  as  to  the  iiM  nf  tliio  term.  The 
'cloud'  here  referred  to  is  totally  invisible  in  ordinary 
daylight.  To  bo  seen,  it  inquires  to  be  Hurroundcd  by 
darkness,  U  only  ^mng  illuminatwd  by  a  powerful  beam 
of  light.  Tliis  blue  clond  differs  in  many  important 
particulars  firom  the  finest  ordinary  clouds,  and  might 
jnsUy  have  assigned  to  it  an  intermediate  postion  between 
such  clouds  and  true  vapour. 

'With  this  explanation,  tbc  term  '  cloud,'  or  *  incipicat 
cloud,*  OS  I  propoce  to  employ  it,  cannot,  I  think,  be  mis- 
ondeistood. 

I  hod  been  endeavouring  to  deoompoee  carbonic  acid 
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gttfi  hy  \ighi,  A  fiuat  Uuisli  cloud,  due  it  uu;  be,  or  it 
nuy  not  be,  to  tbo  ruidue  of  some  vapoitr  previously 
nnplojcd,  wM  formetl  in  the  experimeptal  tube.  On 
looking;  acroiat  tbi*  cloud  througb  &  NicoVs  piism,  the  line 
nf  vUioB  being  boriiontal,  it  irae  fouod  that  when  tbo 
short  diagonal  of  the  prism  was  vertical,  the  quantity  < 
^lii;bt  reaching  the  cyn  was  greater  tluio  when  tbo  loi) 
liogonat  was  vertical. 

Vi'hcQ  a  plate  of  tourmalins  wait  hcM  bvtwt-en  th«  «yo 

,  «nd  tbe  bluinh  cloud,  Oiv  ({iiantity  of  light  reacbing  tbo  eyv, 

p^hm  tbe  hxih  of  tbe  priimi  wa*  perpendicular  to  Ute  axil 

of  tbo  illuminating  beiua,  wm  greater  tlian  when  tbe  axes 

of  tbe  crystal  and  of  tbo  beam  were  parallel  to  each  other, 

Tfaii  was  tbe  result  all  round  the  experimental  tube. 

F  Causing  tbe  crytttal  of  tounnaline  to  revol>-e  round  tho 

[tube,  with   its  axis  perdendicular   to  tho   illuminating 

'lK*m,  tbe  quantity  of  light  that  reached  the  eye  was  in 

all  its  positions  a  maximum.     When  the  ciystallograpbic 

axis  was  parallel  to  the  axis  of  the  bram,  the  qtuotity  of 

light  transmitted  by  tho  crystal  was  a  minimum. 

From  the  illuminated  bluish  cloud,  tbcrefore,  pularisod 

Lligbt  waa  diuhargod,  tho  direction  of  maximum  polarin- 

rtioD  being  at  right  angles  to  the  illumioaling  beam ;  tbe 

plane  of  vibration  of  the  polarised  light  wa*  perpendicular 

to  thfl  boom.' 

Thin  plates  of  selouite  or  of  quartz,  placed  betweei 
the  Nicol  nod  tbe  bluieb  cloud,  displayed  the  eolours  of 
.  light,  tlieso  i»Iotu^  boiDg  most  vivid  when  tbe 
ioe  of  visioD  was  at  right  angles  to  the  experimental 
tnbe.     Tho  pUte  of  selenito  usually  employed   was  a 


*  Tbi!  if  till  an  nadicUad  poiol ;  but  Ow  pfoUUIllJM  u«  n  mnit  in 
^tu  &TOW,  ud  IL 1*  U  B^  ajini^  M  miidi  ptt/MnblB  to  bars  «  phjnioit 
I  on  «Ui!i  tfc«  Kind  ou  rcat,  Uwl  I  do  snt  hMiiat*  to  (iiiploy  tha 
rinUiXui. 
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circle,  UuDSttt  »t  the  centn,  and  sugmeating  imironnl; 
in  ttuckoea  tiota  the  oeatre  outwards.  Wh«n  placed  in 
itc  pn>{irr  poeition  between  the  Niool  ood  tlie  cloud,  it 
cihibiti-d  k  eyctcto  of  splotididly-colooTed  rings. 

The  cloud  bcre  rrfc-nrd  to  wu  tfao  firri  operated  upon 
in  tLe  tuuioet  described.  It  ina^-,  bowcver,  b«  grt^tl; 
improved  upoa  bj  tlie  eboictf  o(  proper  Bulstances,  and 
bjr  tbc  application,  in  proper  quantities,  of  the  substancej 
dioecn.  Beiuul,  bisulphide  of  carbon,  nitrite  of  amyl, 
nitrite  of  butyl,  iodido  of  alljl,  iodide  of  isopropvl,  and 
tnao;  otber  ^betonoes  may  be  emplajred.  1  will  take 
tbo  oitrite  of  butyl  as  illuettatire  of  the  moans  adopted 
to  secure  the  best  result,  wiUi  referenoo  to  tlie  prcstmt 
question. 

Aod  hen  it  may  be  mentioned  that  a  vapour,  which 
ifhen  alone,  or  mizrd  with  air  in  tlie  ezpurimental  tube, 
resists  tiie  action  of  light,  or  f>bvw9  but  a  feeble  recull  of 
this  action,  maj,  when  plaoiMi  in  proximity  with  another 
gas  Of  Tapour,  exhibit  vigorous,  if  not  violent  action.  The 
case  u  similar  to  that  of  carbonic  acid  gas,  which,  diffused 
in  the  atmosphere,  resists  the  decomposing  action  of  solar 
light,  Irtit  when  {daeed  in  contiguity  with  chloropbyl  in 
tbe  leaves  of  plants,  has  its  molccul«?s  shaken  asunder. 

Dry  air  was  pcrmiUod  to  hubblo  through  the  liquid 
nitrite  of  butyt,  until  the  rxpcrimmtiU  tube,  vhicb  had 
been  previously  exhausted,  waK  61lod  with  tins  mixed  air 
and  vapour.  The  visible  action  of  light  ujN>n  the  mix- 
ture after  fifteen  mtnutea'  exposure  was  slight.  Th«  tubo 
wiis  aflcrwards  filled  with  half  an  atmoephere  of  the  mi»Nl 
air  and  vapotir,  and  a  second  bali'-atmoephere  of  air  wbiob 
bad  been  permitted  to  bubble  through  fresh  commercial 
hydrochloric  acid.  On  sending  the  boam  through  this 
mixture,  the  tube,  for  a  moment,  was  optically  empty. 
Gut  the  pause  amounted  only  to  a  small  fraction  of  a 
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teooodt  a  >l<-i)i>cH<iud  being inunedistelj  precipitjitcd  iipoa 
the  bc«in. 

Tbb  cl<Hid  be^'an  biucy  but  the  ad^imco  to  wliit«neaa 
wu  «a  rapid  as  almost  to  jiisiifj  the  npplication  of  tb« 
Ima  iDstantanoout.  Tlie  dense  dotid,  lookc<l  at  pcrpoo- 
diculaxlf  to  it«  axi«,  utiowcd  sotLrcely  an;  ngna  of  polari- 
«atioD.  I»okc<l  at  oUiqiivl^  the  polikrisation  wan  utrong. 
Tbe  C3p<^inental  tube  being  again  cleansed  and  ex- 
inst«d,  tli«  mixed  air  and  nitrit«-of-butyl  Tapour  was 
iltnd  to  enter  it  until  tbe  aHociatod  mcrcur;  oolumD 
■M  dcpiesaed  -^  of  an  incb.  In  other  wordii,  tbu  air  and 
vapaar,  united,  exercised  a  pr«i<.<iure  not  exceeding  ^^  of 
an  atmoepbere.  Air,  p««»ed  tlirough  a  solution  of  hydro- 
chloric acid,  wad  Uien  added,  till  Uw  mercury  column  was 
ilcpnstod  thrvH  incbe*.  The  condensed  beam  of  tbe  eleo- 
Uic  liglit  passed  for  some  time  in  darkoea  throagh  ibis 
mixture.  There  waa  absolutely  nothing  within  tho  tube 
competent  to  scatter  the  ligfaU  Soon,  however,  a  superbly 
blue  cloud  was  formed  along  tlie  tra4:k  of  the  beam,  and  it 
eoDtintied  blue  sufficiently  long  to  permit  of  its  thorough 
eiamiDatioo.  Tlie  light  discharged  from  the  cloud,  at 
right  BDglvs  to  iu  ova  length,  was  jterfectly  polarised. 
By  deforces  the  eloud  became  of  whitish  blue,  and  for  a 
tine  tiie  selenite  colours,  obtAincd  by  looking  at  it  oor- 
lUy  were  exceedingly  brilliant-  The  direction  of  maxi-. 
um  poUxisation  was  diriincUy  at  right  anglca  to  th«' 
iUtuoinating  beam.  This  continued  to  be  the  case  as  long 
Of  tbo  cloud  maintained  a  decided  blue  colour,  and  even 
far  Mme  lime  after  tho  pure  blue  had  changed  to  whitibh 
Una.  But,  as  the  light  continued  to  act,  the  cloud  bocamaJ 
coorwer  and  whiter,  particularly  at  its  centre,  where  it  a^ 
length  ceased  to  discharge  polarised  light  in  the  diroctioni! 
af  the  perpendicular,  while  it  continued  to  do  so  at  botlt 
Uj  e&de 


uo 


nucHESTS  or  saB.vcE. 


Bid  tbe  dood  »liicb  had  tbtui  ceased  U>  pokrUe 
li^t  wnittff  nmaDj,  Khowed  virid  selenite  colours  when 
looked  mt  oUijuWy,  proving  that  the  dtrectioo  of  masi- 
mun  pokriftioo    dwoged    with    the  t«xt4iro    of   the 
cknad.    Tbic  point  dull  reoeire  further  illu«tmtioD  suhce- 

A  Ua«,  equallj  rieb  and  mure  dunble,  was  obUined 
bf  tmpiojutf  the  nitrite-of-butyl  vapoor  in  a  still  more 
atUoaited  caoditioo.  liow  the  iiistaiic«  here  cited  is  r«- 
yrwHfaliFs.  In  nil  cases,  and  with  nil  subfitsncee,  the 
doudfonnvd  at  the  coauDcacvoteiiti  whvu  tho  procipitatod 
particles  ore  sufficiently  fine,  is  Uu«,  and  it  can  bo  made 
to  display  a  colmir  rindling  that  of  tlie  purest  Itiilian  fky. 
In  all  cases,  moreover,  this  fine  btoe  cloud  polarises  p»- 
/ed/y  the  bum  which  iUiiminatee  it,  tfa«  direetion  of 
polnritation  enclosing  an  angle  of  90°  with  the  axis  of  the 
illuminating  beam. 

It  is  esoeedinglj  intenttiog  to  oIcct%-0  both  the  per- 
ft-clion  and  tbe  decay  of  this  polarisation,  Fortcn<>rli(l««n 
uinntes  after  its  St^  appearaooe  the  light  from  a  vividly 
iUuininat«d  incipient  cloud,  looked  at  perpendicularly,  is 
Absolutely  quenched  by  a  Nicol's  prism  with  its  longer 
diagonal  vertical.     Rut  as  the  sky-blue  is  gradually  ren- 
dered impure  by  the  introduction  of  partides  of  too  large  ^j. 
n  size — in  other  wotds,  aa  real  clouds  begin  to  bo  fonned —  ^M 
tti«  polarisatioa  begins  to  detcTiorat«,  a  portion  of  the  ^^ 
light  passtng  through  the  prism  in  all  ita  poations.     It  is 
worthy  of  note,  that  for  some  lime  after  the  coention  ol 
pcrfi-ct  polariaatioD,  the  residual  light  which  pawes,  wlicn 
the  Nicol  is  in  its  position  of  minimum  transmission,  is  of 
H  gorgeous  blue,  the  whiter  light  of  the  cloud  being  ox- 
tingiiished.'     Wlittn  the  clond  texture  has  become  suffici- 
ently ooarec  to  appraximate  to  that  of  ordinary  douds,  the 

■  nil  show*  (iMt  pirtidw  too  Utfi  to  po^ariM  lk«  Uw,  foltriu 
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rotatioo  of  the  Nicol  ceases  to  have  any  seiiHibk  efT«el  on 
tho  quantity  of  light  tlJichargctl  DonoUlf . 

The  pcriWlion  of  tJie  pDlarisition,  in  &  direction  per- 
pcndidilAT  to  the  illiimiiialing  litaimi  i«  aluo  illtutratcd  b; 
the  following  experiment :  A  Niool's  pristn,  lArge  enough 
to  embrace  the  entiro   heam  of  the  electric  lamp,   wiu 
plaoed  between  the  lamp  and  the  rxporimental  tultc.     A 
few  bubbles  of  air,  carried  tliroiigh  the  liquid  nitrito  of 
bol^l«  weic  introduced  into  the  tube,  and  tht^y  wero  fol- 
lowed by  about  three  inches  (measured  by  the  roeicurial 
pnge)  of  air  vhich  had  passed  through  aqueous  hydro- 
chloric acid.     Sending  the  polarised  beam  througli   the  i 
tube,  I  plaotMl  myself  in  front  of  it,  my  ttye  Wing  on  m  \ 
level  with  it«  axiK,  my  aittuitant  Mr.  CottrcU  occupying  »< 
■imilar  po«ition  btibiiid  tlie  tube.     The  short  diagonal  of 
the  Urge  Nicol  was  in  the  fint  infit&noe  vortical,  the  plane 
«f  vibration  of  the  emergent  beam  being  therefore  al*o 
vcrticaL     As  the-  light  continued  to  net,  a  superb  blue 
cloud,  x'isible  to  both  my  assistant  aiid  myself,  was  slowly 
formed.     But  this  cloud,  to  deep  and  ricli  when  looked  at 
fmm  Uie  positiomi  m«ationed,  utterly  dtaappeared  when 
toukod  at  vertUndly  (iownu-ards,  or  verticaily  vpviardt.  ■ 
B«Section  from  the  cloud  was  not  possible  in  these  direc- ' 
tioaa.    When  the  large  Nicol  was  slowly  tnrned  round  its  i 
the  eye  of  the  observer  being  on  tlie  level  of  the 
and  tho  line  of  vision  perpend iculiir  to  it,  entire 
ntinctioo  of  the  light  emitted  horizontally  occurred  wlien 
tin  longer  dtagoniJ  of  llie  large  Niool  was  vertical.     But 
now  n  vivid  blue  elottd  was  seen  when  looked  at  down- 
wards or  upwards.     This  truly  fine  experiment  was  first 
dvfiotteljr  si^gested  by  a  remark  in  a  letter  addressed 
M  nc  by  Professor  Stokes. 

Aa  regards  the  polarisation  of  skylight,  the  grealeiit 
ttUBil)llng-block  has  hitherto  bc«o,  that,  in  acmrdnnce  with 
the  lav  ^  Brewster,  wtiich  makes  the  index  of  rcfractioa 
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the  taog«at  of  Uic  polanting  uiglc,  the  reflecUoD  whidi 
pradnoe*  perfvct  poUiisation  would  rtKiuire  to  b«  nuulo  w 
ur  upon  air ;  and  indeed  this  led  taaay  of  oiir  tnoitt  wnj- 
nont  men,  Brewstei  bimaelf  among  the  number,  to  entertain 
tbfi  idea  of  aerial  molecutur  reflection.*  I  have,  liowever, 
operated  upon  suWanen  of  widely  different  refractive 
indices,  wkI  thenibre  of  vvrj  diSWvnt  poLari«iiig  angks 
as  ordinarily  defioed,  but  tbe  polariflition  of  tho  beam,  hy 
tbe  iocipicDt  elond,  bu  tliu*  far  proved  itwlf  to  be  ahto- 
lut«iy  independent  of  tAtf  poUmeing  angle.  Tho  law  of 
Bnnrat«r  do«s  not  apply  to  maiter  in  tbia  condition,  and 
it  rcsta  with  the  ondalatoiy  theory  to  explain  why. 
^V*faeneve^  the  precipitated  particles  iire  Eufficiently  fine, 
DO  Qiatter  what  the  Kubetoncu  forming  tbc  particles  ma; 
be,  the  direction  of  maximum  poUrieatiou  is  at  rigbt 
angles  to  tlio  illuminating  beam,  tlie  polarising  angle  for 
mstler  io  this  condition  being  invariably  45°. 

Suppose  our  atmoepkefe  surrounded  by  an  envi^lope  iot- 
pcrvioita  to  light.  But  with  an  aperture  on  tbe  sunward 
Hide,  through  wbicb  a  parallel  beam  of  solar  Ui^ht  oould 
enter  and  traveno  tho  atmosphcro.    Surrounded  by  air 

■  ■  TW  «*nn  of  tht  lokrifMion  is  aridrall^  ■  n^Ktioa  el  tli«  ma'a 
li^  ufWt  mm^lUiiy.  Tht  <)awti«n  b  ««  vbtT  Wm  Iha  aagl«  o( 
maziBsn  polnriMtian  TS*,  we  thoold  look,  to  «slc«  or  tea  u  Uu  nflmim 
tod  J,  Itewvnr  incoimiTsM«  tk*  cziatuice  in  a  rlondtm  atmoijitiM*,  utd  a 
hilt  ■DBUBt?'*  4>j  of  nnBnpcnaed  moleenlia  (i«rtir)M  t\  tJ  vraiar.  Bat 
UiiHigh  V*  «*r*  OQO*  of  thwafink*.  (bmIU  cIku  ladcn  kuMtuODd  w  IhM 
B0°,  ertticmklioativ  It  llw  cornet  ugtck  mid  Uiat  llimfbt*  wliatiTor  be  tlio 
Ijixt;  on  which  tbn  ligfct  luu  bean  it<M«d,  i/ftUritnl  hga  tv^  rtfivHom, 
tti*  {Mluuing:  niu|1«  mtuc  In  40°,  aad  (ha  indsx  <d  NftaMioa,  miAA  li  Hi* 
hingtat  of  (Itti  aa^Ck  ««>t; ;  Is  Mbtr  -maiM.  tha  ndM(»oa  vTmld  retail* 
to  b*  mad*  m  ai*  mpvH  txtl'  (Sir  Jolio  HonHMl,  ■3UtMrqltigC]r,'[iU'. 
SSS.) 

Anj  pMtidMi,  if  ttatH  taaoffh,  will  pnalon  both  Iba  eoloar  a«d  (bl 
txiloriakliaa  of  tbe  11:7.  But  m  lbs  Miialanca  of  umatl  wuar-^ntetw  mi  a 
bot  nam(c'ad«]r  in  tht  ku/hir  ngwmt  s/  an  atatrfJim  iacbDcai«abte7 
U  U  to  l>«  raiaefabmd  that  tbo  oivgta  as^  nllM^aa  «f  tba  aii  l«han  m 
a  nmuai  to  radiant  hau,  tha  oxceMfingly  altatmtad  *apaar  of  Uia  Ughar 
atmoajibn*  bttog  theicfcra  la  (m«1m«]  MtUact  vith  tlw  mU  otf  tfttoL 
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nt  Airectly  iUomiDat^d,  the'track  of  such  a  beam  tliKMigh 
lie  MT  ivould  rc<«mbIo  tlint  of  tlie  pualle)  beam  of  the 
fkctric  lamp  througli  an  iactpicnt  cloud.  The  Htinlxiam 
[be  {Ju«,  nnd  it  would  <)i*oliarg«  Ut/irnll;  ligliL  tu 
)y  tlio  samu  condition  &s  tjtat  diaoharged  by  tha  in- 
cipient cloud.  Ip  fact,  the  azure  revealed  by  such  a  beam 
ironld  Ik  to  all  iat^nta  and  pttrposcs  that  irhich  I  have 
callod  a  *hlue  cloud.'  Conrcreely  our  'blue  cloud'  is, 
to  all  intents  and  piirposvt,  an  artificial  «ky.* 

But,  as  Kgajd«  the  polari^tion  of  the  iky,  ve  tniow 
that  not  only  is  tha  direction  of  masimum  polarisation  at 
tight  angles  to  the  track  of  the  solar  beams,  but  tiat  at 
eettain  angular  distances,  probably  variable  <m^  from 
tiw)  sun,  ■  ueuttal  points,'  or  pointa  of  do  polurieation, 
esiit,  en  both  rides  of  which  the  planes  of  utmosphorio 
polarlaatioa  are  at  right  angles  to  each  other. 

1  have  made  varioua  observations  upon  this  subject 
which  arc  rvicrvcd  for  tlic  present ;  but,  pending  the  mora 
coiDpltrtc  esaminatioQ  of  iJie  quettioR,  Uto  following  facts 
bearing  upon  it  may  he  submitted. 

The  paTallt;l  beam  employed  in  tbeae  experimcnta 
uacked  Us  way  tlirongb  the  laboratory  air,  eiactly  as  auu- 
teama  are  seen  to  do  in  the  dustj  air  of  London.  I  have 
reason  to  linltctvo  tJmt  a  gri'^it  portion  of  the  matter  tlttu 
floatiog  in  the  laboralorj-  air  consists  of  organic  particleti, 

'  ^hm  ofJaloa  of  SSr  labm  Hmdwl.  nwniMinK  ih*  polnriuMtm  and 
Ui*  bla*  «ilnu  dI  Um  Aj  u  rvriAtd  bj  (he  fon^ag  fwulu.  *  Th*  mora 
Lba  latijaM  (Uu  pdl4f4ailiaa  iif  ■kjJlghl]  b  niii*idara>l.'  «riUs  thii  sminanl 
iJiilvo^iM;  'tiM  Plan  il  vill  bo  (onnd  bcwt  vilh  dIScuItim,  itml  JM  n- 
ft  tallies  «b«n  arrirnl  >i  will  prababljr  be  band  tn  tmrrj  with  It  tlul  i>r 
(kaUaaculDor  oTilioiky  ItHilf,  «iid  «tf  UiocMt^Bknlitjof  lijitilitMiiulljr 
ttiiH  mad  liowit  to  at.'  '  Vfa  uwj  obKno,  tO(^'  bf  nUt,  '  th«t  It  b  on); 
■  hin  Ola  jrunij  "J  lb«  Ay  a  moat  nbtolat*  tlitt  tL*  poUrinHciii  ii 
itnlofti  In  lla  hwhoM  dafrM,  and  that  vfctt*  1)>«N  b  Ika  aligbUu  p>r- 
illlllilii  temWoq  W  doM  it  il  matccitUy  inpuNd.*  TUt  appliw  woi4 
lot  wocd  to  OCT  *  badfnonl  clouds.' 


iU 


ruomsTs  or  bcikxcs. 


tly,     « 

■,1 


wiSA  Mn  capdlk  df  imputliig  b  poreeptibly  Uutlih 
b»  the  sir.    TWn  alaa  AMred,  tbongh  br  leei  vividly, : 
Ac  dfceb  «f  pohrrwatiaa  obtAined  with  the  incipient 
davdt.    1W  It^  tfiadw^ad  htenlly  fimn  tli«  track  of 
tbe  ghrniiaatiag  btata  vw  pabnsoci,  tboogli  not  porfGctly^^ 
tbe  dinettoQ  of  mnritniim  polarimtion  being  at  rigft 
■a^a  to  tbe  bcun. 

Hie  iMciaatal  oohuno  of  air,  thus  iUumioated,  was 
feet  iaag,  and  cooU  theiefere  be  looked  at  nry  obliqueljr. 
At  all  poiat*  of  the  beam,  Uuongfaottt  it«  «nttre  lungtb, 
tba  ligbt  emitted  oonDallr  iras  in  tlte  same  Bbat«  of  pohtr*, 
HatioQ.     Ecopiag  tbe  postitnu  of  the  Niool  and  tbe 
idenite  coniCanL,  tbe  nne  coloiin  were  oboen'ed  tlirougb-'^ 
out  tbs  entire  beam,  when  the  line  of  vision  was  perpen^ 
dieular  to  its  length. 

I  tben  plaoed  mjaelf  near  tho  end  of  the  beam,  as  tt 
iffued  from  tbe  electric  lamp,  and,  lookin;^  thronj^b.tho-- 
Nicol  and  wlenite  more  and  mors  obliquely  at  the  Usun,! 
obaerred  the  eoloun  Ending  until  thej  dimppcarcJ.    Ar 
mentiDg  the  obliquity  the  coloun  appeared  once   mur 
but  Otey  uwre  rune  eompUnuniarg  to  the  former  onfs. 

Hence  this  beam,  like  tbe  sky,  exhibited  a  neutr 
pointy  on  oppoGtte  sidm  of  which  tbe  Uj^ht  was  polarise 
in  pUnce  at  right  angles  to  each  other. 

Tbioking  that  Uie  action  observed  in  the  taborator; 
might  be  caused,  in  some  way,  by  tbo  vaporous  fdmea  dif- 
fiu«d  in  its  air,  I  had  the  light  removed  to  a  room  at  the   j, 
top  of  tbe  Koyal  Institution.     Tbe  truik  of  tlie  beam  m^H 
seen  very  finely  in  the  air  of  thia  room,  a  length  of  l^™ 
«r  15  fe<;t  being  attainable.     Thia  beam  exhibited  all  tbs 
efTects  olsetred  with  the  beam  in  the  laboraLory. 
the  nncondeosed  electrie   tight   tailing  on  the  floatii 
matter  showed,  though  feiatly,  the  effect*  of  polarisation 

When  the  air  was  so  sifted  as  to  entlrtily  remove  tlu 
risible  floiating  matter,  it  no  longer  exerted  any  senaibl 


ABTIKICUb  8Kr. 


IIS 


tion  upon  tbe  tight,  but  behaved  like  a  vacmim.     Tlia 
jbt   IB    scattered   by   particf<-»,  not    by  molecules  or 
atoms. 

Bj  operating  upon  tlie  fnmiM  of  rlilorido  of  nmmo- 
Htum,  tho  (moke  of  brown  juptir,  and  tobaceo-«iiiokv,  I 
had  raricd  And  confirmed  in  many  ways  those  experimcDtM 
on  neutral  points,  when  my  attention  v&s  drawn  by  Sir 
Charles  Wbeatelone  to  an  important  oheorvation  commimi- 
<»t«d  to  tlio  Parin  Academy  in  1860  by  Profeasor  Oovi* 
of  Turin.*  M.  GoH  bad  btten  led  to  examine  a  beam  of 
light  sent  thruugfa  a  room  in  which  wad  diffused  the 
■moke  of  inc«n«e,  and  tobacco-smoke.  Etis  first  brief 
comunnicatton  stated  the  fact  of  polarisation  by  such 
flmokc :  but  in  his  »^ond  communication  hu  announced 
the  discovery  of  a  tM>utral  point  in  the  beam,  at  tho 
upposite  udes  of  which  tbe  light  was  polarised  in  planes 
at  right  angles  to  each  other. 

But  tinlike  my  ofascn'ations  on  the  laboratory  air,  and 
unlike  thu  action  of  the  sky,  the  direction  of  maximum 
polarisation  in  M.  Govi'tfxperimcDt  enclosed  a  very  small 
angle  with  the  axis  of  the  illuminating  beam.  The  que»- 
tkm  was  left  in  tlua  condition,  and  1  am  not  aware  tJiat 
H.  QoTi  or  any  other  investigator  has  purraed  it  further. 

I  had  noticed,  aa  before  stated,  that  as  th«  clouds 
foTTDcd  in  the  «xpcrimcntal  tube  became  denser,  the  polar- 
laUion  of  the  light  discharged  at  riglit  angles  to  the  beam 
bentne  weaker,  the  direction  of  maximum  polarisation 
beeoming  oblique  to  the  beam.  Experiments  on  the 
fnmea  of  chloride  of  ammonium  gave  me  also  reason  to 
■lupeet  that  the  position  of  Ihoneuiial  point  was  not  oon- 
•tonf,  bnt  that  it  varied  with  the  denHity  of  the  illumin- 
ated (innes. 

Tlw  examination  of  Ibeae  quc«IJons  led  to  tbe  follow- 


■  'Coniplft  IUnil«^'  tun)«  U.  ff.  3<M  nod  ML 


mm  MriiM^  i^afa  rf  —iy  IT  m  IX  with  Uw  axis 


at  0| 
kfAe  bmo. 
'  «f  tW  hoaft.  and  a  line  clr« 
■ft  to  tbt  ihiTi  nr'i  enir  iwamred  in 

iif  A*  hfantHyvMB  WW  (^MBod  for 
I  «f  tW  ta«iBi»«MtlBB  Wag  permi 
tocMBps.    Ob  apM  Atkateg  tha  twna  and 
aBtWliKlrt,lfe  Uaeaf  TiaM  ta  tbasMrtnl  point 
fcaad  t»  aartr— .  aitk  Oa  mat  of  Utf  boan.  an  aasio 

«fcr. 

Ilta  wiartaw  acn  a^^  apcBcd  for  a  few  minui 
man  of  tfca  aiMika  btog  imimIIIiiI  to  caeape.,    Hi 
m  befen,  tlie  a^la  Brfinvd  to  «■>  Ed«k1  to  be  04*. 

Tliii  proc«»  var  npaatad  thma  additional  times ; 
neotnl  paial  ma  fbttnd  to  raocde  luwrr  uu)  lower 
tbe  beam,  tbe angta between  a  tiDedrairo  fron  ttM9  eye  to 
iba  DeuQal  point  and  the  mxa  o£  the  beam  falling  qui  icnui 
aivel7  from  £4'  to  49^  43°  and  33*. 

Tbe  distaDoee,  rooglilT  measored,  of  tbo  neutial  point 
fiom  the  lamp,  oomisponding  la  thft  fongoiog  series  of 
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the  end  of  this  aetiea  of  txptiTimvnUi  the  direction 
tHuiiDiuu  p<>Utri«ti<Hi  had  again  bocomv  uumial  la  the 
leun. 

The  Isbontory  was  oeit  Sll»)  vitli  ttiu  fitiiK-«  of.gua- 

dcr.     la  fire  enccesitTe  experiments,   oorreaponding 

to  6\-«  diBetvitl.  deiuiUes  of  the  gimpowdor-Bmoke,  tlta 

eucloMd  between  the  Uito  of  virion  to  the  neutral 

and  the  axis  of  the  l)eam,  were  63%  5(f,  47",  43% 

38°  twpeetirely. 

After  ih«  clouda  of  gunpowder  had  ck-ared  away  the 

ratoiy  was  iillcd  with  tb«  Ounea  of  common  resiu, 

M  dense  as  to  be  very  irritating  to  the  lungs. 

dit«cUon  of  maximum  poUrisatios  encloFt-d,  in  this 

caae,  ao  angle  of  ISI*,  or  thcrcaboiitA,  with  the  0izi8  of  the 

beun.    Looked  at,  as  in  tiw  former  invtikncea,  from  a  po«i- 

tion  near  tho  electric  lamp,  no  rxcutrai point  wEsoboeired 

througtioat  the  entire  estcut  of  tie  beam. 

I         Allien  this  beam  was  looked  at  normally  throii^^  the 

'o  and  Nicol,  lite  ring-«yttcm,  though  not  brilliant, 

— «  Uiatinet.     Keeping  the  eye  upon  the  plate  of  selenite, 

and  the  line  of  vision  perpendicular,  the  windows  were 

ofMoed,  the  blinds  remaining  undtawn.     The    rceinoua 

(■mm  sktwlj  diminiihcd,  a»d  as  they  did  so  the  ring-«ystcm 

,  jwioe  paler.     It   linaliy  diiappciLrcd.      Continuing   to 

|Kk  in  the  aune  direction,  the  rings  reWved,  but  now  the 

^Bdo»  wen:  complementary  to  the  former  ones.    The  n«it- 

^gUl  point  had  pa»it«d  me  in  its  moticn  doum  the  6«am, 

wttMoipimU  itfxm  the  atttttuaiiQn  o/the/ume«  ofretin. 

With  the  fiunes  of  chloride  of  ammonitim  mibatAntially 
the  nmo  mratt«  were  obtained.  Sufficient,  however,  has 
bees  here  stated  to  illuctnte  the  variability  of  the  position 
of  the  neutral  point.' 


•  Hmtttt  fu«  praT«d  Uia  nrtnbilitjror  tb*  pnilion  of  th*  wnttml 
fabl  Air  (Itytishl  wiUi  Uw  nu'a  ■llitada.  a  *MaU  obvI«a>Ij  emiiMUit  with 
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Some  or  Llic  clotids  formed  in  the  erperunenU 
the  diemical  actioD  of  light  are,  as  alreadj  stated,  osi 
ishiQg  as  to  shape.     The  expcrimmtat  tube  is  often  dirid 
into  segmpDts  of  dense  cluud,  *oparal«d  from  eucb  other 
by  nod<!s  of  Bncr  nuttlor.    Looked  at  nnnnally,  as  maoy 
as  four  reversals   of  the  plane  of  polariitBtion  have  betm 
found,  in  pastdng  from  node  to  wgcaent,  and  from  eeg- 
inentto  node.     With  the  fumes  diffused  in  the  labomtoty, 
on  the  oontrarj,  tbero  was  no  change  in  the  polurintioa 
along  the  nonnal,  for  hero  the  ncccsauy  diffcrencei  of 
cloud-lextttrc  did  not  exist. 

Bf  a  pufF  of  tobacoo-ttnokc,  or  of  condensed 
blown  into  the  illuminated  bc*m,  the  brillianev  of 
eelenite  colours  may  be  greatly  augmented.  But  wi 
different  clouds  two  different  effects  are  produced.  Let 
Uie  ring^jvtcm  observed  in  t]>e  common  air  be  brought 
to  its  maximum  strengtli,  and  then  let  an  attenuated 
cloud  of  chloride  of  ammonium  he  thrown  luto  the 
beam  at  the  point  looked  at;  the  ling-rrstem  fiasbes 
out  with  augmented  brilliancy,  but  the  character  of  the 
polarisation  remains  unchanged.  This  is  also  the  case 
when  phosphorus,  or  sulphur,  is  burned  underneatJi  tll^| 
beam,  so  as  to  cause  the  fine  parUclea  of  phovphorio  od^^ 
or  of  sulphur  to  rise  into  the  light.  With  the  sulphor- 
fnmes  the  brilliancy  of  the  oolowrs  is  exceedingly  intensi- 
fied ;  but  in  none  of  there  cases  is  there  any  change  in  the 
character  of  the  polarisation. 

But  when  a  puff  of  aqtie«i»  oloud,  or  of  the  fitmes  of 
hydrochlorio  acid,  bydriodic  acid,  or  nttrie  acid  is  Uirown 
into  the  beam,  there  is  a  complete  reversal  of  the  seleuite 
tint&  Each  of  these  clouds  twists  the  plane  of  polarisa- 
tion 90*.  On  these  and  kindred  points  experiments  are 
i^till  in  progress.' 

*  Kr  J<iLa  BooriM  Mffitrted  to  bm  liial  iLi*  duuis*  of  tin  polar- 
l«iio*  tnm  potMn  lo  nitMiva  may  indinlt  k  tiitagt  torn  rffhriritmt 
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Alnwwt  all  ItiiiiiiLt  luiv<:  niotos  id  tbeia  aufficiently  nu- 
meruiu  U>  polariae  seusibly  Ow  IJglit,  and  very  beautiful 
effecLt  may  be  ubiained  by  timiiU^  urlifictal  devices, 
Wben,  for  esam[>le,  a  cell  of  dlntilUrd  vatct  is  placed  in 
front  of  tbe  electric  lamp,  and  a  thin  slice  of  tti«  brnm 
tsprrmittcd  Ut  passtlimuph  it,  scarcely  any  polarised  Ugbt 
liditcluirgodiiutd  Bcarocly  any  colour  produced  vitbaplate 
orM-lcait^.  But  if  a  bit  of  «oap  be  u|;itutrd  in  thv  water 
sImvo  (lie  beam,  t)te  moinvut  tltu  infinitetiuud  partivlcs 
mcfa  llie  ligUt  tlte  liquid  aeuds  forth  laterally  almost  p«r- 
foctly  polarised  liRht }  and  if  the  selenite  be  employed,  vivid 
ralonrB  fla»lt  into  existence.  A  still  more  brilliant  n^Mull  in 
oUuood  with  miutic  distolvod  in  a  great  cxi-e^i'  of  lUcolio). 

Tbe  «rlL-nil«  ring*,  in  Jact,  constitute  an  Dxtr(:m«1y 
Jrlinatu  le«t  ag  to  Uio  quantity  of  individually  invisible 
ptirticlef  in  a  liquid.  Camm^nciiig  with  distilled  water, 
(or  example,  a  thick  slice  of  light  is  necessary  to  make  the 
pulariiation  of  its  suspended  particles  sensible.  A  much 
thinner  dice  suffices  for  common  water;  while,  with 
Brnoke'B  precipitated  mactic,  a  idicc  too  thin  to  pro- 
dooe  any  tensible  effect  with  roost  other  liquitln,  suilicea 
tit  brinf  out  \-tvidly  the  •clcnitc  colour*. 


§  3.    Tint  Sky  or  the  Alps. 

The  visioa  of  an  object  always  implies  a  differential 
utioa  on  the  retina  of  the  observer.  Tbe  object  is  dis- 
tiogniabud  from  KurroundiO);  spg^e  by  it^  exM'ss  or  (]&- 
leet  of  li^bt  in  n^Uon  to  that  K(>atie.  By  altering  tlia 
illumination,  either  of  the  object  itself  or  of  it«  onviron- 
mi^t,  vk  alter  thci  appearance  of  the  object.  Take  the 
com:  of  duudi  floating  in  tbe  atmo^hcro  with  {Kitchcs  of 

tywJUctioa  to  r'lUnnlkabjnbmctlaD.   nUtlnnglitTvjwucilljon'Hmit 
to  vw  *fcUt  loukiKK  u  tlH  tOccM  i  Vnt  it  <Htl  nqiun  much  foll^ifins  of 
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Uue  be(v«cD  Ui«m.  Anytfalng  that  efaangca  tlw  illuini 
tioii  of  either  alters  Uie  appearanoe  of  both,  Umt  ap; 
anea  depending,  as  stated,  upon  differential  action.  Now 
the  Ugbt  of  the  eky,  being  polarised,  may,  aa  the  reader 
of  the  fore^ing  pages  knovs,  bo  iu  great  port  quenched  bv 
a  Nicol's  prism,  white  the  light  of  a  oommon  ciond,  being 
unpolahMtl,  caniiot  lie  tbtu  extingoii^ed.  Hence  Uie 
pooiliility  of  very  retnarkable  t^ariations,  not  only  hi  the 
aspect  of  tbe  finnam^tit,  irhich  is  really  changed,'  but  also 
in  the  aspect  of  the  cloudx,  which  bare  th«t  firmament 
as  a  btackgrDuiid.  It  i«  possible,  for  cnunple,  to  ^oom 
clouds  of  such  a  depth  of  shade  tliat  wbcn  the  Ni 
qucmcbm  tlie  light  behind  them,  tht^y  altall  vauixh,  bei 
tindiHinguishable  from  the  residual  dull  tint  which  outliv 
the  extinction  of  the  brilliancy  of  tbo  sky.  A  cloud  less 
deeply  shaded,  biit  atill  deep  enough,  vhen  viewed  with 
Ihc  naked  rye,  to  appear  dark  on  a  bright  ground,  is 
suddenly  cliangod  to  a  nbtte  doud  on  a  <Iark  ground 
by  lilt!  qnenehing  of  the  light  behind  if.  Whoa  a  n-ddidb 
cloud  at  sunset  chasces  to  float  in  tbe  region  of  maxi* 
mum  poLtrisation,  the  quenching  of  the  mirrounding  light 
oaUMA  it  to  Sash  with  a  bngbtiT  crimson.  La^t  Easter 
eve  the  Dartmoor  sky,  which  had  jwtt  been  cWdsimI  hy 
a  snow-storm,  wore  a  very  wild  appearance.  Round 
the  bori&jn  it  wna  of  steely  brilliancy,  while  rwldi 
cumuli  and  cirri  floated  southwards.  When  the 
was  quenched  behind  them  these  floating  masses 
like  diUl  embers  suddenly  blown  upon ;  they  bri^i 
like  a  hre.  In  the  Alps  we  have  the  most  mognifieeol 
examples  of  crimson  doiids  and  snows,  ao  that  tlie  e8b< 
just  K^fcrred  to  may  be  here  Rtudie<l  under  the 
po«Ml>le  conditions.  On  August  23,  isr>9,  the  event 
Alpenglow  was  very  fine,  thoug-b  it  did  not  reach 
maximum  depth  and  H]Jcndour,  The  side  of  the  Wei 
horn   seen   from   the   lie!    Alp,  beiug   turned  from 
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pm,  wu  tinted  mattoa;  but  I  wiitlied  to  oUiervc  one 
qT  tlie>roae-coloar«d  iiuttr«eeea  or  tbe  mountain.  Siioti 
wu  vi&jlili*  &om  a  point  a  few  hundred  feet  above  Utu 
Ikotei.  The  Matterliora  also,  though  for  th«  moat  part  In 
ritAdc,  had  a  crimson  projection,  wbilv  a  de«p  ruddy  red 
lui];^rp(l  along  ita  vcflrm  shotild^r.  Four  dUlinct  peaks 
and  iKiUrctwcs  of  lh«  Dom,  in  addition  to  its  domioant 
kead — all  covered  with  pure  anow — were  n^dencd  bj 
Uie  light  of  sun^t.  The  ehoulder  of  the  Aljkhtibel  v»$ 
dmilarly  coloured,  while  the  great  mass  of  the  FletwhMn 
was  all  a-glow,  and  so  was  the  snow;  vpino  of  the  Monte 
LeoDB. 

LookingntthvWciwihom  through  UivNicol,  the  glow  of 
Jb  protuIxtnLiioe  WMittrongor  w<rakao(iordiogto  th«  pusi- 
Uon  of  the  prism.  Thesummit  also  underwent  ntriking 
duug«a.  in  one  position  of  the  prism  it  exhibited  a  pale 
«hlt«  against  a  dark  background ;  in  the  rectangular 
IMMdtioi)  it  was  a  dark  mauve  agaiost  a  light  background. 
The  red  of  the  Matt«rhom  changed  in  a  similar  manner ; 
but  tlic  whole  mountain  alxo  paMcd  (Urough  wonderful 
rUangca  of  definition.  The  air  at  the  time  waa  filled 
with  a  silver;  haze,  in  which  the  Matti'rliorn  almost 
disappeared.  I1iis  could  be  whollv  (juenched  by  the 
Nicot,  and  then  the  mouotaio  sprang  forth  with  astonish- 
ing solidity  and  detaduuent  from  the  surrouudiitg  air. 
Thii  civangcs  of  the  Dom  were  still  mom  wonderful.  A 
vact  amount  of  light  could  be  removed  from  the  aky 
tM^tnd  it,  for  it  occupied  the  positiou  of  maximum 
pularisatiun.  I!y  a  little  practice  with  the  Nicol  it  waa 
May  to  render  the  extinction  of  the  light,  or  ita  restwa 
tXoa,  almoft  instantaneous.  When  the  sky  was  quenched, 
tbe  four  minor  peaka  and  buttresses,  and  tliv  tummit  of 
the  Dom,  togotbcr  with  the  sliouldvr  of  the  Ali^ubel, 
glovred  as  if  set  sudd'^nlr  on  &rv.  This  waa  immediately 
dimmed  by  <><"i>ii^  the  Nicol  through  an  angle  of  90°, 
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1%  vat  Dot  tlie  stoppage  of  the  light  of  tJte  tky  \ie\dtid 
the  mountains  alone  which  [Hixluoed  Uus  BtartUng  effect; 
the  air  bttncwn  thom  and  me  waa  highly  opalescent,  and 
the  qucDcbiag  of  this  iulcrtncdiulc  gUia  angmcDtad 
rvmatkabi;  the  diniinclneita  of  the  moiintsins. 

On  Uie  morning  of  August  24  similar  effects  n-cru  fine' 
shown.  At  10  A.M.  all  three  mountains,  the  Uom,  ttit^ 
Matterhorn,  and  the  Weisbom,  were  powerfully  affected 
l>y  the  Siool.  But  in  this  iniitaiice  also,  the  hne  drawn  to 
the  l)om  being  very  nearly  perpendicular  to  Uie  sohir 
beams,  tlio  effects  on  this  mountain  were  most  stiiking. 
The  grey  summit  of  tho  Mttttorhom,  at  the  same  time, 
could  scan«ly  bo  distioguiflhed  from  the  opalosceot 
boxe  around  it;  but  whun  the  Niool  qw^chcd  the 
liaxe,  tlio  summit  became  iu»tiintly  isolated,  and  itood 
out  in  bold  defiaition.  ft  is  to  be  remembered  that  in 
the  production  of  Ute*e  effects  the  only  things  changed 
arc  the  sky  behind,  and  the  luminous  haze  in  front  of  the 
moimtnins;  that  these  are  changed  because  the  light 
emitted  from  the  sky  and  from  the  hose  is  plane  polarised 
light,  and  that  the  light  from  the  snows  and  from  tiw 
mountains,  being  Knnbly  unpulan»od,  i*  not  directly 
affected  by  the  Nicol.  It  will  also  be  understood  that  it 
is  noi  tJie  interposition  of  the  haze  as  an  opaque  borfy 
that  renders  tjie  mountains  indistinct,  but  the  tight  of 
the  Ituzo  which  dims  and  bewilders  the  eye,  and  thus 
weakens  the  dcGuition  of  objects  seen  tbrouf^b  it. 

These  ru^iiltjt  have  a  diroct  bearing  upon  what  artj: 
call  *  atrial  perspedjve.'     As  we  look  frum  tlie  sumioti 
Moat  Blanc,  or  from  a  lower  elevation,  at  the  sen 
crowd   of  peaks,   especially   if  llto  rooimtainH  Ui  d 
coloured — covered  with  pines,  for  example — every 
and  ridge  is  separated  from  the  mountains  behind  it  h; 
thiu  blue  haze  which  renders  the  relations  of  the  mo 
tains  D«   !•■  distunou  uutoistukablc.     When  this  l^i 


ABT1FICIAL  SKY. 


ISS 


icguded  Uuough  the  yicol  pArp«ti(l!eu1ar  \o  lb«  iuii's 
an,  it  is  in  miuiy  ca^^  wholly  quenclied,  becaiue  the 
Ligbt  wliicb  it  emits  in  this  direction  is  wholly  polariaed. 
VboD  thU  bappeoa,  ii«rial  penpectivu  i»  nbolinhcd,  six] 
Btauataina  verj'  tliRvrenUy  clixliuil  &|>pesr  l^)  riitv  in  thu 
ane  Tertical  |ilaiM>.  Clode  to  the  Ii«I  Alp,  for  iiutauce, 
ii  the  gorge  of  the  Uusa,  and  iwyond  the  gorge  is  a  high 
ridge  datiteoed  by  pines.  This  ridgo  mny  be  projccteil 
vfCm  the  dark  slopes  at  the  opposite  Mide  of  tlio  Rhone 
nUtiy,  and  bctwcDD  both  we  have  tlie  blue  baxe  referr*^ 
tO)  throwing  the  distant  moUDtaios  far  away.  liut  at 
eaUutt  hours  of  tbe  day  the  haxe  may  be  quenched,  and 
tlieti  the  Massa  ridge  and  the  mountains  beyond  the  Rhone 
seem  almost  equally  distant  &om  the  eyit.  The  one 
appears,  as  it  were,  a  rertical  continuation  of  the  other. 
The  haze  varie:*  with  the  temperature  and  humidity  of 
die  aluKxphere.  At  certain  times  and  place*  it  is  almost 
ss  blue  as  the  sky  itself;  but  to  see  its  colour,  the  attention 
imist  bo  withdravm  from  the  mountains  and  from  tbe 
trees  which  c^vcr  thi'm.  In  point  of  fact,  Uie  haze  is  a 
jiievs  of  more  or  leas  perfect  sky  ;  it  it  produced  in  the 
sme  manner,  and  is  subject  to  the  same  Laws,  m  tbe 
finnamont  it«olf.     Wo  live  in  tbe  sky,  nut  under  tU 

These  points  were  further  elucidated  Ly  the  deport- 
ment of  the  selcnitc  pUt4>,  wiUi  wliioh  pie  readcn  of  the 
tbn^Eng  F*$^  "^  so  well  acquainted.  On  some  of 
the  suuuj  days  of  Aogust  the  base  in  the  valley  of  tbe 
Bbime,  as  hxtked  at  from  tbe  Bel  Alp,  was  very  rcmark- 
slile.  Towards  evening  tlio  sky  above  tbe  mountains  op- 
poiitfl  to  my  place  of  observation  yiddcd  a  scries  of  the 
most  ■pkiiiliillv-culouToI  iris-rings ;  but  on  lowering  the 
tclenita  until  it  had  the  darkness  of  the  pines  at  the 
epposiie  aide  of  the  Rbooe  ralloy,  instead  of  tlie  darkness 
of  spaoe,  as  a  backf^round,  the  <roli>iua  were  not  much 
diminirhed  in  bnlliancy.  I  aliould  ivtimate  tbe  distaniM 
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trrot*   the   valley,   as   the   crow   flies,    to   tbe   oppoei 
mountain,  at  nine  miles;  so  that  a  body  of  air  of  tliis 
tbicknesa  caa,  under  forourablo  circunutoncost  produce 
chromatic  effects  of  polurtsntion  almo«t  ait  rivtd  as  thoae 
produced  by  tliv  sk;  iUclf. 

Again :  the  light  oC  a  Inndsvape,  a*  of  inoal  othi 
things,  consiKta  of  two  pari* ;  t]i«  oo«,  eonung  purel< 
from  supi^rlicial  rcRection,  is  alwayi  of  the  Mine  colour 
as  Uie  light  which  falls  npcm  the  landscape ;  tba  other 
part  reaches  us  from  a  certaio  depth  witbin  tbe  objects 
which   oompo«o   the    laodscape,  sod   it    is  this  portion 
of  the  total  light  wbicli  gives  then  objcicts  their  dit* 
tinctivQ  eolour^     The  white  light  of  tbe  sun  <.^ntors  all 
KubstancM  ta  a  certain  depth,  and  lit  partially  ejected  bj 
internal  reflection  ;  each  distioot  sabetancft  alsorbing  and 
reflecting  tbe  light,  in  accordance  with  tlie  laws  of  its  own 
molecular  constitution.     Thus  the  E^>lar  light  is  si/ted  \vf 
ttie  londteape,  which  appeant  in  such  colours  and  vari- 
ations of  colour  as,  after  tbe  sifting  proccM,  reach  tho 
obserrer's  ej«.     Thus  the  bright  green  of  gnus,  or  tbi 
darker  colour  of  tlia  pioe,  never  eomci  to  us  alo 
but  is  always  minjj^led  with  an  amount  of  really  forei, 
light  derived  from  superficial  reflection.     A  certain 
brilliancy  is  oonferred  upon  the  woods  utd  mcudows  liy 
this  superficial ly-5eflt-cled  light.     I'nder  certain  oirciim- 
KUinoce,  it  may   be  (juenched  by  a  Nicol'a  prism,  and  we 
tltoD  obtain   the  true  coloiur  of  the  grass  and  foliage. 
IVees  and  meadows,  thus  regarded,  exhibit  a  richnen  and 
softness  of  tint  which  they  never  show  as  long  as  tt^J 
superficial  light,  is  permitted  to  mingle  with   the  t'^H^ 
iut«-rior  rmiMion.     The  needles  of  the  pines  show  this    " 
iiflect  Very  well,  large-leaved  trcw  still   better ;  while 
glimmering  field  of  maize  exbibila  tbe  most  extmordino 
variations  when  looked  at  through  th«  rotating  Nicol. 

Tiioughts  and  questions  like  those  here  referred 
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took  mc,  in  August  1869,  to  the  top  of  tho  Aletu^libom. 
Tbe  effvcts  described  in  the  tangaiag  pora^phi  were 
for  tbo  moet  pait  reproduced  in  the  summit  of  the  mnun- 
luiL,  I  Bcaaned  the  whole  of  the  sky  vith  m;  Niool. 
Ball)  alone,  and  in  conjunction  with  the  tclonile,  it  pro- 
tMonoed  the  pcrpcndiciilnr  to  tho  solar  bMCU  to  be  the 
Erection  of  nuuciiaum  polarintion.  But  at  no  portion 
u(  tbc  finnam«nt  wu  the  polarintion  complete.  The 
arti&cial  sky  produced  in  Ihe  experimenta  recoidi^l  in 
the  pieoeding  pa^ca  could,  in  tliia  resp^,  be  rradon-d 
more  pcrfwt  tliaa  tlic  natural  ou<r ;  while  tlic  gorgeous 
■rmiuuiU  bbic'  which  toskes  it8  appeiarance  when  the 
)«lBn«ation  of  the  artificial  sky  ceaMs  to  be  perfect,  mu 
(troogly  contrast«d  with  the  lack-lustre  huo  which,  in 
the  cue  of  tjte  firmament,  outlived  the  extinction  of  tho 
btilBancy.  With  certain  eubet&ncue,  however,  artificially 
traatod,  tbl(  dull  rnvidnu  may  altto  be  obliUned. 

All  along  the  arc  from  tho  Atatterhom  to  Mont  Blanc 
tho  light  of  the  sky  immediately  above  the  mountaiua  vrsa 
powerfully  acted  upon  by  the  Nicoh  In  eome  cii».«  the 
Wiatioiu  of  intensity  were  astonishing.  I  have  already 
bjj^  tluit  a  little  pmctieo  ouablcR  tho  ohcerver  to  shift  tlte 
^Hbool  from  one  powlion  to  another  so  rapidly  as  to  render 
the  alteToate  extinction  and  rcslontion  of  the  light  imme- 
diate. When  llii«  wu  done  along  the  arc  to  which  I 
have  rvfcrrcd,  tho  alLemationi  of  light  aid  darkness  ro- 
Kmbli-d  the  play  of  sheet  lightning  behind  tho  moun- 
laimi.  Tbf  re  wae  an  element  of  awe  connected  with  Ihe 
foldeniieM  with  wiiich  the  mighty  nuLfSM,  ranged  along 
tlko  line  referred  to,  clianged  lltcir  aspect  and  deBnitioD 
ttadcr  the  npcratioa  of  the  prism. 
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V. 

ON  tiCBT  ASH  DISEASE 

1870. 

Sxperiment*  on  Dusty  Air. 

SOLAR  Hgbt,  in  pAsstn^  through  a  dArk  room,  revea 
its  track  by  iUumiQatitig  the  dust  floating  in  tbe 
'The  son,'  says  Danict    Culvcrwell,   'discorew    atom' 
though  they  be  invisible  b;  aiDillolight,  am)  makes 
daQc«  mJcud  tn  bi«  bt-am*.' 

It)  mj  reeearcbea  on  the  deeompoMtion  uf  r!i[M>uT9 
light,  1  was  compelled  to  remore  these  'alornc^'  aad  ihi* 
dugt,  Itvas  essential  that  the  8pa«e  containing  the  vapours 
Bhonld  embrace  no  risible  thing — that  no  eubi^nce 
capable  of  scsUtoririg  light  in  tho  slightest  sensible  degree 
phould,  at  the  outset  of  un  cspcnmcnt,  bo  found  in  the  wide 
'  oxpcri mental  tul>c  *  in  which  the  ^'apour  wns  enclosed. 

Fur  a  long  time  I  was  trotiblcd  b;  the  npp<.-nnu>ce 
there  of  floating  matter,  which,  thoMgli  iuvmble  iu  diflUw    ,,, 
daylight,  was  at  once  revealed  by  a  powerfully  ooudent»oij^| 
beam.     Two  U-tubes  were  placed  in  suecessiou  in  the^ 
path  of  the  air,  before  it  entered  tbe  liquid  whose  vapoiir 
was  to  be  camod  into  the  expcri  mental  tube.     One  of  i 
U-lubea  contained   fragments  of  glass  wct(«d  witb  con 
centratcd  »ul]>himc  acid  ;  the  other,  fnigRiinits  of  marhll 
wetted  with  a  strong  solution  of  caiutic  potash.'     To  my 
astonishment,  tbe  sir  of  tbe  Royal    Institution,  sent 
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igh  these  tubes  at  a  rate  sufficiently  tiiow  to  dry  it, 
to  romovo  its  carbonic  acid,  carried  into  the  expi-ri- 
inctital  tube  a  ooiMidtirablo  amount  of  mecbantcftUy  sus- 
pended i»att4-T,  wliich  was  illununat«d  wbcn  tho  beam 
passed  through  Lbe  tube.  Th«  vitcct  wm  eub$tautially 
the  same  when  the  air  vas  permitted  to  bubble  tltrottgh 
th«  liquid  acid,  and  through  the  solution  of  potash. 

I  tried  to  interct-pt  tbis  fioating  matter  in  various 
vays ;  and  on  October  5,  1868,  prior  to  sending  the  air 
thmiigh  tbe  drying  apparatus,  it  was  rar<;fiillT  prrinitbcd 
lo  pass  over  tJie  tip  of  a  spirit-lamp  flame.  The  Qoatiiig 
matter  no  longer  appeared,  having  been  burnt  up  by  the 
Bune.  It  waa  therefore  orffamc  matter.  I  was  by  no 
means  prcptircd  for  this  rc^sult;  having  previously  thought 
tliat  tbe  duHt  of  our  air  wuk,  in  great  part,  inorganic  and 
non  -combust  iWb.' 

I  had  coniitruobod  a  smalt  gas-fumaee,  now  much  cra- 

pliiyed  by  chemists,  eontaining  a  platinum  tube,  which 

ukl  be  heated  to  vivid  redness*    Tbe  tube  contained  a 

It  of  platinum  gauze,  which,  while  it  permitted  the  air 

pae«  through  it,  eninrud  the  practical  contact  of  tho 

i  with  tho  tDcandesccnt  mv^tal.    The  air  of  the  labo- 

jj   was   permitted   to  enti^  the  experimental  tube, 

letimes  Ihroui^h  tliv  cold,  and  soniotimes  through  the 

liMted)  tube  of  jtlatinum.     In  the  first  column  of  the 

^^K  *  A«mnliag  to  *n  M)«I}«lt  kla^lj  ftirolitwl  to  n*  ^j  Dr.  PtKj,  Un 
^^^AcallMMd/mn  (A<  m^  of  the  British  Mnirum  conUiiu  hWjtOfn 
H^A.  at  inorgimc  muttir.    I  hara  •■nrj  tuand^no*  in  ih«  rt*ilci  of  ttiii 
IWiofiiMlwl  nlwinlrt :  i^j  (bow  tlut  tha  fieotimg  diut  «f  our  nMau  li^  m 
k  wmn,  «iaDuv*il  (niin  tin  twarior  maUor.    k»  banring  din«tl7  upon  ibi* 
IoImI  I   nu7  quiita  iLo  fallovio^  piisaa*  frou  Biwt«ur:   'Miii*  id  m 
pi ImiiI I  Bna  iniMinin :  U  poaaittn  qua  ti»  Koutb  k  b  ntfacv  d*  too* 
iMovpa  Ml  tamalmataimUmmt»  iif  niaTnatad'aiT.qaiiloinMaoutar**  J 
■■  puticolM  laa  fJoa  l^fn*.  a*  Buniln*  ilak]iicll«a  •«  Ommat,  auis  ^ 
4iHM,  lU   pt4Gk«Dca  ba  catiiwnlM  orpinbfe  amft  oa  VfJt*',  maina 
^bofda  (MnilMMM  qua  lea  lanirnlM  mltUnW 
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following  fra^oDt  of  a  lon^  table  the  qoantity  of  air 
opented  on  i«  expressed  by  the  depression  of  the  mercury 
gauge  of  Um;  nir-piimp.  In  the  Mwond  oolumn  tbe  con- 
dition of  Uie  platinum  tube  is  mentioned,  and  in  ihi 
tbiid  llie  Htate  of  tlie  air  in  tbe  experimental  tube. 


QlHH9(<*lr 

SuU  el  |iMlaB«  fate 

SM*«t«i*alB«>iliill 

Id  lacbM 

Osjd 

PuH  at  pulJdM. 

30      ..    ■ 

B«d-bot  . 

OptiMllj  (wpty. 

Tlio  pbroBo  '  optically  empty  *  allows  that  wben  tM 
eondition*  of  pcrfoct  cotabusUoa  were  preaent,  the  Soatii 
matter  totally  disappeared. 

In  a  cylindrical  beam,  which  strongly  illuminated  the 
luet  of  tJio  laboratory,  I  placed  an  ignited  spirit-lamp. 

'Ilfingling  with  tbc  flame,  and  roiuid  iU  rim,  were  seen 
curious  wr«aths  of  darkaeM  resembling  an  iutuu.itily  blaek 
unoke.  On  pUcing  tbe  flame  at  some  distance  below  tbi 
beam,  tbe  samo  dark  masses  stormed  upwards,  Thry  we 
blacker  than  the  blackest  smoke  kvvt  f«cn  i»uing  fro 
tbe  funnel  of  a  steamer;  and  tJicir  rcvemblaace  to  imoki 
was  so  perfect  ax  to  lead  the  most  practised  vbacrver 
conclude  that  the  apparently  pare  Qame  of  the  alcohol 
lamp  reijuired  but  a  beam  of  sufficient  intensity  to  reveal 
tt(i  clouds  of  b'beiated  carbon. 

But  i«  the  blackness  smoke?    Tliin  (question  presented^ 
itself  in  a  moment  and  was  thus  answered :  A  red-hol 
kor  was  placed  nademcatb  the  beun:  from  it  tbe 

rwreaths  also  ascended.    A  large  faydn^en  6ame  was  ne 
employed,  and  it  produced  those  wbtrUng  masses  of  daik< 
aeas,  fur  more  copiously  than  either  the  spirit-Bame  or 

F  poker.     Smoke  was  therefore  out  of  the  question.' 

*  la  aima  et  tlw  psMie  fooma  of  dt*  Caiud  StaU*  wbors  I  bad  Um 
hoiwar  to  Innnte  wm  tbii  taparinMM  ntado.  Tb*  orRniiK  diM  waa  too 
NUt]r.  CWrttin  nrami  In  t^^Und— Dm  Bi^gfaMa  PaiiUon,  tat  ciamyU— 
>Im  Lack  Ibe  oeetmuj  OMdilioiw. 
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tliuD,  was  Uie  btocknesfl  ?    It  was  sittiply  tlint  of 

•pao>! ;  Ibat  ia  to  say,  UaokD&M  [exulting  frMiu  the 

ice  fivm  tbe  track  of  the  beam  of  all  matter  oomp»- 

lo  scatter  its  light.     When  ch«  flam«   was  placed 

Iclow  tha  boam  tbe  UoiitiDg  matter   was  dt-titroycd   in 

jitu ;  and  tli«  air,  £recd  from  this  matter,  roeo  into  the 

Imud,  joslli^d  nsi<]c  tbi;  iUiiiiiiiiat«iI  particles,  and  Eubsti- 

hited  for  tliirir  li^jht  (ho  iliukiii'^s  due  to  iu  own  perfect 

macy.     Nothing  could  more  forcibly  illuiitralM  Uin 

ivUibiltly  of  tbe  ageot  which  renders  all  things  visible. 

e  beam  crossed,  tmseeo,  tbo  block  chasm  formed  by  tbe 

Imuporeot  air,  while,  at  both  sides  of  tbe  gap,  the  thick- 

tteim  particles  shono  out  like  a  luminoue  solid  under  t]to 

illumiDation. 

is  not,  howtiTcr,  nccvsmry  to  bum  tbe  particles  to 

loee  a ttri:&m  of  darkiu-w.    Without  actual  oombuBtioD, 

iM  may  be  generatud  which  sliall  diiplsoe  tbe  floatiDg 

tUtr,  and  appear  dark  amid  tbe  surrotmding  iMrightneii 

I  niit.ic«d  tliis  effect  first  on  placing  a  red-hot  copper  ball 

low  tbe  beam,  and  permitting  it  to  remain  there  until 

temperature  )iad  fallen  below  that  of  boiling  water. 

The  dark  currentt>,  though  much  enfeebled,  were  still  pro- 

K,oed.     They  may  also  be  produced  by  a  Sosk  filled  with 
<  water. 
To  atady  this  effect  a  platinum  wire  was  Btrctched 
roM  the  beam,  the  two  ends  of  the  wire  being  connected 
with  lli«  two  pole*  of  a  voItJiic  bftttory.     To  regulate  tho 
^Htrength  of  the  current  a  rheostat  was  placed  in  the  cir- 
^BuiU     Beginning  with  a  feeble  current  tbe  temperature 
^Bf  tbe  wiro  wss  gratltially  augmented ;  but  long  before  it 
^Bracbed  (lie  hcut  of  igtdlion,  a  flat  Htrcom  of  air  rose  from 
HKi  whiefa  when  looked  at  edgeways  appeared  darker  aud 
B^'ui^''  tbon  onm  of  tlie  blackest  lines  of  Kraunbofer  i» 
tbe  purified  spectrum.    Right  and  left  of  this  dork  vertical 
tuid  toe  Boating  matter  rose  upwards,  bounding  definitely 
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th»  ooo^liiailaoa*  atmai  of  air.  Vbat  is  the  expUutt< 
Smplj  this:  Tbe  bot  win  nrefied  the  aii  in  eontack 
with  it,  but  it  did  not  squill j  lighUm  the  Sosting  matt«r. 
Hw  ooaT«eticD  cairpot  of  pore  air  thvnfore  psswd  ii|>- 
wirii  mneng  iKe  imert  partidm,  inggiag  tlmn  aHer  it 
right  sad  left,  hut  fi>rmitig  beCveot  them  an  imptunhle 
bUdc  partitioo.  This  el^mentuy  expenment  enable*  ds 
to  render  ui  ac^-ouiit  of  tbe  dark  coneiits  prodaoMl  by 
bodies  at  a  temperature  below  that  of  combustion. 

But  vbeo  tlM  platinam  irire  if  intmtcl;  hc<at«d,  the 
Boating  matter  is  not  onl;  displaced,  but  destroyed.    I 
rtretcbed  a  wire  about  4  iadies  long  throagfa  tbe  air  of  an 
ordinary  glan  shade  renting  on  cotton-woo],  which  altoitir- 
rounded  th«  rim.     Tlic  wire  being  laiwd  to  a  white  beat^ 
fay  an  etectrio  cnrrent,  the  air  expanded,  and  some  of  >t^| 
was  forced  through  the  cotton-wool.     When  llie  onrrent  ^^ 
was  intcmiptod,  and  tbe  air  within  tho  shade  cooled,  the 
returning  air  did  not  carry  motca  aloog  with  it*  beii^  £!• 
tered  by  tbe  wooL     At  the  beginning  of  this  experiment 
tbe  shade  was  charged  with  floating  matter;  at  tbe  end  of 
half  an  hour  it  was  optically  empty. 

On  tbe  wooden  base  of  a  cubical  glass  shade  measuring 
114  inches  a  side,  upright  supports  were  &xed,  and  from 
one  support  to  the  ot)ier  38  inches  of  platinum  wire 
stretched  in  four  parallel  lines.  Tbe  ends  of  tbe  platinum 
wire  were  soldered  to  two  rtont  copper  wires  which  passed 
through  the  baM>  of  tho  shade  and  could  bo  connected 
with  a  bnttciy.  As  in  tho  last  experiment  the  shade 
rest«d  upon  cotton-wool.  A  beam  sent  through  the  shade 
rerealed  the  tuspeoded  malte-r.  The  platinum  wire  was 
then  raised  to  whiteness.  In  fiv£  minutes  there  was  a 
sensible  diminution  of  tbtt  matter,  and  in  ten  minute^  it 
waa  totally  consumed. 

Oxygen,  hydrogen,  nitrogen,  carbonic  acid,  so  prepared 
as  to  exclude  oil  floating  particles,  produce,  when  poured 
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or  blown  inta  tho  beun,  tho  (lurknom  of  ttellsr  rpace. 
CoaH^ns  docs  the  mtae.  An  onliiuuy  glaaa  tluide,  piucod 
in  the  Bir  wUli  its  mouUi  downnaitb,  pcfmits  th«  track  of 
tliebeom  ti>  heae<>n  eroaaiag  it.  When  coal-gafl  orkydro- 
gm  is  pcftnittt^d  to  enter  tlie  shade  by  a  tube  reachiog  to 
iU  top,  the  gaa  gtadoally  filla  the  shad«  bora  above  down- 
■uds.  As  soon  as  it  oocnpic«  tlio  fpaco  eroMed  bj  the 
bnam,  the  Inminoiiit  tnu;k  U  abolished.  Jjifting  the 
*tnde  ao  as  to  bring  the  oommon  boaodanf  of  gas  and  air 
alidre  the  beam,  the  track  fla^lips  forth.  After  tho  Khade 
is  full,  if  it  bo  invcitod,  tho  piiro  gits  puiwcs  upirards  Uke 
a  black  smoke  onmng  thtt  ilhiminated  particles. 


7%«  0«rm  TKeory  of  Co>iit:^v>ue  DistoM. 

There  is  no  rmpito  to  onr  contact  with  the  floating 
matter  of  the  air :  and  the  vfonder  is,  not  that  we  should 
Boflisr  oecadotwUy  from  ita  pireeeDce,  but  that  so  small  a 
portion  of  it,  and  even  that  but  rarely  diffu«c<l  over  largw 
areaa,  should  appear  to  be  deadly  to  man.  Aud  what  is 
Uiis  portion  ?  It  was  some  time  ago  the  current  belief 
that  epidemic  diseases  gcn<!nifly  were  propagated  by  a 
iciad  of  malaria,  which  consisted  of  organic  matter  in  a 
Mats  of  motor-dtcay ;  that  when  such  matter  was  taken 
into  tho  body  thn>ugh  the  lungn,  skin,  or  stomach,  it  had 
Lb(>  pfrnw  of  spreading  there  the  destroying  pnwcss  by 
which  itself  had  been  assailed.  Such  a  [M>w«r  »as  visibly 
«s«rt«d  in  the  case  of  yeast.  A  little  leaven  was  seen 
la  leaven  the  whole  lump— a  mere  speck  of  matter,  in 
tbia  supposed  state  of  decomposition,  being  apparently 
competent  to  propagntv  indefiDilely  its  own  decay.  Why 
Jd  not  a  bit  of  rott«n  malaria  act  in  a  umilar 
■within  the  human  frame?  In  1836  a  very  won- 
derful reply  was  given  to  this  question.  In  that  year 
dgntan]  da  U  Tour  discovered  tho  yetat^lanl,  a  living 
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orginlsm,  wbicti  vlmt  placed  tn  a  proper  medium  {evil 
grows,  «nd  reproduce*  itiirlf,  nad  ia  this  way  carries  oo' 
tlie  procea  which  we  name  {ermentation.     By  this  strik- 
ing discorciy  fermentation  vias  connected  with  orgs: 
growth. 

Sc-hmmn,  r>f  Bvtlin,  di)r>ov«red  the  ycjut-pUnt  iodo- 
pendently  about  the  tame  time;  and  in  FelnviLTT,  1837, 
he  also  announced  the  important  result,  that  when  a 
decoction  of  meat  is  effectually  screened  from  ordinary 
air,  and  supplied  solely  with  calcined  air,  putrefootion 
never  sets  in.  Putrefaction,  therefore,  he  affirmed  to  be 
caused,  not  by  Uie  air,  but  by  (Mimi^tliing  whiob  oould  Iw 
destroyed  by  a  tuffieiently  high  temperature.  The  Te«uli 
of  Schwann  were  confirmed  by  the  indi-pendent  eiperi- 
menta  of  HelmholU,  Ure,  and  Pasteur,  while  other 
methods,  pursued  by  Schultzc,  and  by  Schroeder  and 
Dtucb,  led  to  the  same  reotilt.  Rut  a*  r^arda  fermenta- 
tion, lite  miudi  of  chemists,  influenced  pcolnbly  by  the 
great  authority  of  Gay-Lussac,  fell  back  upon  the  old  no- 
tion of  matter  in  a  slate  of  decay.  It  was  not  the  liring 
yeast-plant,  but  the  dead  or  dying  ports  of  it,  which,  as- 
sailed by  oxygen,  pro<Iucikl  t  he  fermentation.  Tfain  notion 
was  finally  exploded  by  Pasteur.  He  proved  the  real 
*fennenta' to  be  oi^ianised  beings  which  find  in  tb 
puted  ferments  their  necessary  food. 

Side  by  side  withthc«e  researches  and  discoveries, 
fortified  by  them  and  otherx,  has  run  the  fftrm  theory 
epidemic  diseose.    The  notion  was  expnaied  Iry  Kirel 
and  &voured  by  I.innieiis,  that  irpiitcmic  dioeaKri  may  Im 
due  to  germs  which  float  in  the  atmosphere,  ent^r 
body,  and  produce  disturbance  by  the  development  wil 
fh«  body  of  paraeitic  life.     The  strength  of  this  tbeo 
consists  in  the  peifcct  parallelism  of  the  phenomena 
contagious  disease  with  thoso  of  life.     As  a  planted  aootn 
gives  birth  to  an  oak,  competent  to  produce  a  \ 
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ca^li  gifted  with  tlie  power  of  rcproduciug  it3 
■t  t4«e ;  and  as  tbua  from  a  single  leedling  a  whole 
bract  mtij  spring;  so,  it  is  ooDtended,  these  epideoiio 
diseaaw  litenUy  plant  thc^ir  «cc(k,  grow,  andsfaake  abroad 
new  germs,  which,  meeting  in  tbvhiimBii  bod;  their  proper 
food  snd  temperature,  fimilly  takes  pottsewiva  of  whole 
pi^HtliLtioDti.  There  is  nothing  to  my  knowW)^!  in  pom 
Dfaemistry  which  reseatbles  the  power  of  self-multiplica- 
tion pcMueswd  b;  the  matter  which  prodocea  epidemic 
disease.  If  you  sow  wheat  jrou  do  not  get  barley ;  if  you 
»w  small-pox  you  da  Dot  get  acarlct-fewr,  Imt  small-pox 
indefinitely  multiplied,  and  nothing  else.  The  matter  of 
eai^  coDtagionii  <ti»eiue  n^prodiiceA  itself  as  rigidly  as  if  it 
-»vn  (as  UkSt  Mtghtingale  puts  it)  dog  or  cat. 

Paraaliic  DiMOsea  of  SUkworme.    Paetcta'a  Researchta. 

It  is  adtoittod  on  all  bands  that  tomn  diseases  arv  tbv 
prodact  of  paraatio  growth.  Botli  in  man  and  in  lower 
creatores,  tho  rxistcuce  of  such  disi>aiiefl  has  been  demon- 
strated. I  am  cnabU-d  to  lay  before  you  an  account  of 
an  ppidvmic  of  this  kind,  thoroughly  investigated  and 
saeccHsfully  combated  by  M.  Pasteur.  For  fiflvcn  years  a 
ptague  had  raged  amon^  the  silkworms  of  France.  They 
had  sickened  nod  died  in  multitud<-»,  while  those  that  sue* 
ceeded  in  spinning  their  cocoons  funiiiihi^  only  a  fimotiou 
of  fbenoimal  quantity  of  silk.  In  1853  the  silk  culture 
nfFnuicfl  produced  a  revenue  of  one  hundred  and  thirty 
millions  of  francs.  During  the  twenty  previous  years  the 
rercnoa  had  doubted  itself,  ami  no  doulit  was  entertained 
as  to  its  farther  augmentation.  The  weight  of  the  ocH;oons 
produced  in  18S3  was  26,000,000  kilogrammes ;  in  1865 
it  bud  fitll'Tn  tn  4,000,000,  the  tall  entailing,  in  a  aiogte 
fear,  a  low  of  100,000,OOl»  francs. 

Mw  Dountjry  chiefly  smitten  by  this  calamity  happened 
I  be  that  of  the  celebrated  chemist  Dumas,  now  perpetual 
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Kecretary  of  Ibe  French  Academy  of  Sdeneee.  He  tu 
to  his  bdend,  colleague,  ai>d  pupil,  Pasteur,  and  bcsoti 
liim,  with  an  earncfltness  which  tho  cirruinstancfts  nQdand 
BlmoBt  panonal,  to  undertake  tho  invortigstion  of  di« 
nuladf.  Pastcor  at  thiif  timehiul  nvvpr  sera  asilkworni, 
nnd  he  urged  his  Juexpcrience  in  reply  to  hia  friend. 
Rut  Dumas  knew  too  well  the  qualitiee  needed  for  auch&a 
enquii;  to  accept  Pastoui's  reason  for  (IccUning  it  *  Je . 
mets,'  said  he,  *  uo  priz  oxtrCma  &  voir  votje  aUcntio 
fix6e  8or  la  qucstioa  qui  int^we  inoD  pauvro  pays ; 
miadni  BUn>*>>c  tout  oc  que  roiu  pourez  imsgiDcr.'  Pam- 
phlets about  the  plague  had  bees  nhoweicd  upon  the 
public,  the  monotony  of  waste  paper  being  broken,  at 
rar«  intervals,  by  a  more  or  lees  nseful  publication.  *  The 
Phannacopocia  of  the  Silkwonn,*  wrote  M.  Comalia  in 
I860,  'is  now  ng  complicntod  as  thut  of  man.  G&ees, 
liquids,  and  solids  have  been  laid  und«'  contribution. 
From  chlorine  to  sulphuiousacid,  &om  nitric  acid  to  rum, 
from  sugar  to  sulphate  of  qttiuinc, — all  has  be«n  invoked  in 
behalf  of  this  unhappy  insect.'  The  helpless  cultivators, 
moreover,  welcomed  with  ready  inistfulDess  every  new* 
remedy,  if  only  pressed  upon  them  with  sufficient  hardi- 
hood. It  seuned  impostiblu  to  diminish  tliuir  blind 
con6dence  in  their  blind  guidea.  In  1S63  the  French 
Minister  of  Agriculture  signed  »d  agreement  to  pay 
50U,00U  franco  for  tho  use  of  a  remedy,  which  it«  pr»'^ 
meter  declared  to  he  in&lUUe.  It  was  tried  in  twelvofl 
diffi?rent  departmonls  of  Ftanee,  and  found  perfectly  use-  " 
less.  In  no  single  instanee  was  it  successful.  It  was 
under  tltese  circumstoDoes  IJiat  M.  Pasteur,  yielding  to 
tJie  enlJY-Jttie«  of  his  friend,  betook  himself  to  AUis  in 
beginning  of  June,  1865.  As  regards  silk  hu^handry^ 
this  was  the  most  important  department  in  ]-'ranc«,  and  i( 
was  the  most  aorely  smitten  by  the  plague. 

Tho  silkworm  bad  been  previously  attacked  by  mt 
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tardins^  a  dim^am  proved  by  Bassi  to  be  catiwMl  bj  a  ^'^^e- 
tible  parasite.  TbonKh  notliereditai?,  tliiH  tnnludy  was 
propagated  annually  by  the  paradtJc  Hporee.  Waftod  by 
wuds  they  often  powcd  the  dieeoce  In  places  Tar  removed 
finm  the  centre  of  infection.  Muscardtne  is  now  said  to 
W  Ttny  rare,  •  deadlier  malady  having  taken  ita  place.  A 
fruqatfat  outwatd  sign  of  this  new  di.ti.'aitc  are  the  block 
fpota  vbicb  cover  the  uUcworms ;  hence  ttio  name  J/Hrriw;, 
fine  applied  to  the  pla;^  by  M.  de  Qiiatre&^<«,  and 
adopted  by  Poirteur.  Pdbriuo  declares  itself  in  the  stunted 
and  ODcqnal  growth  of  tbo  worms,  in  the  languor  of 
their  movemeota,  in  their  ftutidiousn'cse  aa  regards  food, 
and  in  tlinir  premature  dcsth.  The  track  of  dixoovery  m 
rc^ardit  Ute  epideinjo  is  this:  In  1649  Ouerin  M^nevillr 
nnticed  in  the  blood  of  nlkwonna  vibratory  corpuscle:!, 
wbtch  he  EuppoAed  to  be  endowed  with  independent  life, 
(tlippi  proved  him  wrong,  and  ihowed  that  the  motion  of 
the  eorpuscles  was  tlic  wclt-known  Bruwnian  motion.  But 
Fllippi  hiiDitelf  committed  the  error  of  supposing  the  cor- 
puscle* to  be  Bormal  to  the  life  of  the  insect.  Tlicy  ar« 
roally  the  cause  of  its  toortality — th«  (brat  and  substance 
ofiladiaGSsa.  This  was  well  described  by  Comnlia  ;  white 
Lebert  and  Frey  subsequently  found  the  corpuscles  not 
oolf  in  the  blood,  but  in  all  the  tissues  of  the  insect. 
OsitDo,  in  IS'"}?,  HiMovered  them  in  tbecgg«;  and  on  tlits 
obaerralioD  Vittadiani  founded,  in  1859,  a  pmctieal 
method  of  distinguiiihing  healthy  from  diseased  eggs. 
The  Kat  nflen  proved  fnlladous,  and  it  was  never  exten- 
■iraly  ij^ied. 

Tboe  living  corpuscles  take  posseadon  of  the  intestinal 
nnal,  and  spread  tlience  throughout  the  body  of  the  worm. 
Tliey  fill  the  silk  cavities,  the  stricken  insect  often  going 
automatically  through  the  motiona  of  spinning,  without 
any  mnl'-rial  to  work  upon.  Its  organs,  instead  of  being 
ftllml  with  the  cinr  viscous  liquid  of  the  silk,  are  packed 
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to  distensioD  by  the  corpuscles.      On  this  feature  of 
plague  Psflteurfiiod  liiGpntirttattimLion.    Tbc cycle  ol 
silkworm's  life  is  briefly  this :  From  Lbc  fortilo  9gg  eomM 
th«  little  worm,  vhicli  grows,  tati  cuU  iU  skin.     Thi« 
process  of  moulting  is  repented  two  or  tltrt^  tiiatu  at  sab* 
sequent  intervals  during  tlie  life  of  tlie  inseot.      AfLer  tin 
last  moulting  tlie  worm  cliiiiba  tiie  brauililes  placed  to' 
reeeivfi  it,  and  spina  among  them  its  cocoon.      It 
thus  into  a  cliryealia ;  the  chrysalis  becomes  a  moth,  and 
moth, when  liberated,  lays  thfleggs  which  form  tlir  starting-' 
pointof  a  now  cycle.     Now  Pasteur  prored  Utnt  t)w  fibgue- 
corpusrlM  might  be  incipient  to  the  egg,  and  escape  detee 
tion ;  they  might  alio  iie  germinal  in  the  worm,  and  still 
baffle  the  microsoope.   Butas  the  worm  grows,  the  corpua- 
dee  grow  alao,  becoming  larger  and  more  defined.    In 
aged  chrysalis  they  are  more  pronounced  than  in  the  worm 
while  in  the  moth,  if  either  the  egg  or  tlie  worm  fton 
which  it  comes  should  bare  been  at  all  stricken,  the  cor- 
puscles infullibly  appear,  offering  no  difficulty  of  detec- 
tion.    This  was  the  6rct  great  point  mude  out  iu  1865  by 
Pasteur.      The   Italian   natiualists,  as  aforcnid,  recom- 
mended the  examination  of  tlie  eggs  before  risking  thciaJ 
incubation.      Pavteiir  showed  that  boUi  eggs  and  worm*' 
might  be  smitt^'n,  and  still  )>asa  muster,  the  culture  of 
EUch  efi^  er  such  worms  being  sure  to  entail  disaator.   H 
made  the  moth  his  etarting-point  in  seeking  to  regenera 
the  race. 

Pacbeur  made  his  first  communication  on  this  subjec! 
to  the  Academy  of  Sciences  in  September,  1665.     Il  raised 
a  cloud  of  criticism.     Here,  forsootli,  was  «  chemist  rashly  ^ 
quitting  his  proper  m4ti«r  and  presuming  to  lay  down  Ihufl 
law  for  the  physician  and  biologirt  on  a  subject  which  waM 
eminently  thoirs.      <0q  tnHira  ^tiai^^  que  ja  fusse  n 
peu  au  courant  do  la  question ;  on  m'opposa  des  trnTaox 
qui  avaient  paiu  d»p<iis  longterops  en  Italie*  dont  les 
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r^ultate  montisient  rioatUiU  de  mes  eflFortA,  et  rimpoMi- 
tnlil^  d'arriver  i  im  rSsuItat  pratique  dans  la  dirLt.-tioi) 
([ueje  m'^taia  ^n^^at^e.      Que  mon  iji^onuice  fut  grsnde 
Ml  wijtit  dea  recliercbe*  nns  nombre  qui  avaienC  pani  depuis 
quitiz«  atiaiet.*      Putciir  heard  the  buzz,   but  ha  cDn> 
aed  his  work.      In  choo«iiig  tfao  eggs  iotendt-'d  for  in- 
ition,  tbc  cidtirarorv  wlccti-d  those  produced  in  the 
educntiona '  of  llie  ye^u.      But  tl>ey  could  not 
i^ntand   thn  frequent  and  often  ditautroiu  failure*  oM 
i«ir  nrlected  eggs ;  for  they  did  not  know,  and   nobody 
to   Paateiu-  was  competent  to  tell  them,  that  the 
cocoons  may  envelope  doomed  corpuscutous  mothb. 
!t  was  not,  however,  oa«y  to  make  the  cultii,'a(or8  acoeptj 
giiidnucc.      To  strike  tlicir  iinugination,  and  if  poB-^ 
ribU  doterminfi  their  practice,  Pfttt«ur  hit  upon  the  ex<- 
!icnt   of  pn)phecr.       In    1866  he   inspet^t^d,  at  St. 
ipp'^lyle-du-Fort,  fourteen  different  parcels  of  eggs  in- 
nded  for  incubation.      Having  examined  a  sufficient 
,ber  of  the   motha  which  produced  these   eggs,  litj 
te  out  the  predictioD  of  what  would  occur  in  1867,  aucL] 
placed  the  prophecy  as  a  malcd  letter  in  the  banda  of  thM 
Mayor  of  St.  nipp<>Iyl«. 

In   1867  the  culLivators  comiounicated  to  the  mayor 
n»dtti.     The  letter  of  Pajtt«ur  was  Uien  opened  and 
and  it  was  found   that  in   twelve  out  of  fourteen 
there  iraa  absolute   conformity   between  bis  pro- 
dietion  sod  the  obacrrcd  facts.     Many  of  the  groups  bad 
periiJipd  totally  ;  the  others  had  perished  aUnovt  toLilly; 
and  tliia  was  Iho  prediction  of  Pustcur.     In  two  out  of 
Um  fourt«ru  cases,  inet«ad  of  tlie  prophesied  d»tniction, 
half  an  average  crop  was  obtaintnl.     Now,  the  parcels  oC| 
^^Uk  here  referred  to  were  considered  healthy  by  tboifi 
^^^^t».     They  had  been  hatched  and  tended  in  tlie  firra^ 
^^Kojie  tltat    the   labour   expended   on  thorn   would  prove 
^^(soiiniiratlve.     The  application  of  tl»c  motlt-t**«t  for  a  few 
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minutm  in  \MG,  would  liaro  saved  t1i<>  labour  and  averted 
(he  (IfitajjpoiDtment.  Two  additional  parcelfl  of  eggs  were 
at  the  same  time  submitted  to  Puteur.  Ue  proooiiDcpd 
them  healthy ;  and  hi*  words  were  verlfiMl  by  the  pn> 
duction  of  aa  excellent  crop.  Other  ca»«  of  prophecy 
Btill  more  rcmurlcahle,  beoauae  more  drcitEUHtiintial,  ar« 
rfcordtKi  in  Pasteur's  work. 

PaHteur  subjected  the  development  of  the  corpuscles  to 
H  bearching  iavevtigatioii,  uxl  followed  out  with  admimble 
skill  and  compIct«n«c«  tlm  variou«  modes  by  which 
the  plftpte  -WM  propagated.  From  iiiotli*  perfectly  free 
from  corpuMcles  he  obtained  healthy  wormti,  and  8»- 
leeting  10,  20,  30,  50,  as  the  ease  might  be,  he  in- 
Iroducird  into  the  woims  the  corpu.iciiloiu  matter.  It 
was  first  permitted  to  acoompauy  the  food.  I.et  us  take 
a  single  example  out  of  many.  Kuhbing  up  a  small 
corpTiBCuIous  wonn  in  water,  he  smeared  the  mixture 
over  the  mulbcrry-lenves.  Assuring  him»«lf  tliat  tb« 
leaves  had  been  ejitcn,  ha  watched  tbe  consequences  from 
day  to  day.  Side  by  side  with  the  infected  worms  he 
reared  their  fellows,  ko<-ptiig  tijcm  lu  much  as  possible 
out  of  the  way  of  inflation.  These  conetituted  bis  '  lot 
t^meigii,' — hi^  standard  of  comparisoo.  Ou  April  16, 
1868,  he  tbua  infected  thirty  worms.  Up  to  ibc  23rd 
they  remained  quite  well.  On  the  25th  they  *cemed 
well,  but  on  tlmt  dny  corpuscles  were  found  in  the  int^-s- 
tines  of  two  of  them.  On  the  2"th,  or  ele>'en  days  after ' 
the  infected  repast,  two  fresh  worms  were  lixamined,  wm) 
not  only  was  the  intestinal  canal  found  in  each  case  invaded, 
but  tlie  *ilk  organ  itself  was  charged  with  uirpuscjes. 
On  the  28th  the  twenty-six  remaining  worms  were  covered 
by  the  black  spot*  of  p^hrinn.  On  the  30th  the  difference 
of  fliice  between  thu  infected  and  non-Enfccted  worms  was 
very  striking,  the  sick  worms  being  not  more  than  two- 
thirds  of  the  bulk  of  the  healthy  one^     On  May  'i- 
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wbich  had  jujt  finiHlitM  tt«  foiirOi  tnonllisg 
exunined.  Its  whole  body  vaa  so  filled  with  Uw 
pusatte  «a  to  «icite  utonishiDrnt  that  tt  could  live.  The 
diaesM  advanced,  tlic  woroiH  dird  Euid  wen  nxummed, 
^ad  on  &I»y  U  only  kix  out  of  Uiit  iliirty  remained. 
^■kj  were  the  atrongeat  of  tbe  lot,  but  on  being  9eard>»d 
^BeT  also  were  found  cfaargcd  with  corptucles.  Not  one 
Hf  iht  tliirly  womu  had  c^oijk^  ;  a  Hiuglu  dii-aI  had 
poisoocd  tiicm  ftll  The  rtandard  lot,  on  th«  contrary, 
Rptiu  tli«ir  fine  cocoona,  two  only  of  tlivir  moths  being 
jtfoved  lo  contain  any  trace  of  tbe  paraaite,  which  had 
doabtleas  been  introduced  during  the  n«ring  of  Die 
I    worms. 

As  bis  acquaintance  with  the  subject  incretutod,  Pas- 
teur's   desire   for  precision   augmented,  and   he  finally 
i    eouatod  tbe  growing  uuniber  of  oorptuclcd  seen  in  tbe 
^^ild  of  tiis  microscope  (turn  day  to  day.     After  a  oonta- 
^^ous  repast  tbe  number  of  worms  containing  the  parasite 
'    gndually  augmented  until  finally  it  became  cent,  per 
€«Dt.     llie  number  of  corptuclcs  would  at  the  nme  time 
lisB  from  0  to  1,  to  10,  to  lOO,  and  soractimes  even  to 
1,000  or   1,500  in  the  field  of  bis  microscope,     lie  tbcn 
raried   the  mode  of  infection.     Ue  inoculated  healthy 
worms  with   the  corpusculous  matter,  and  watched  the 
aonsequeDt  growth  of  the  disease,     lie  inroved  tliab  tbe 
wonns  inoculate  each  otbcr  by  the  iuflicUon  of  risible 
wounds  with  their  claws.     In  rariou*  caaes  be  washed  tbe 
daws,  and   found  eorpusclea  in  the  water.     Ue  domon- 
I     stnted  tbe  spread  of  infection  by  tbe  eimplc  aasociution 
I     of  healthy  and  diseased  Vorms.     By  Uivir  chiws  and  ibeir 
di-jections,  live  diseased  worms  spread  infection.     It  was 
bMB    bypothetioal    infected  medium  —  no    problematical 
P^lrtbogeoio   gas — that  killed  the  womtH,  but  a   definite 
organism.       'Hie  question  of  infection  at  a  distance  waa 
also  examined,  and  ita  oxtstence  demonstTat«l.     As  might 
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be  expected  froin  Pnetour's  sntccwlcntA,  tlie  investii 
mu  vxJmurtivr,  tnc  skill  and  beauty  ut  his  nuuupalatjc 
finding  fitting  correUtivcii  in  the  strength  and  clearoeM 
of  bis  thought. 

Th«  following  quotation  &om  Pasteur's  work  dearly 
shov«  tho  relation  in  vbich  bis  reeeaicbes  ctaod  to  the 
important  question  on  which  fao  was  engaged : 


lie  ntooiH 


1  will  iw   ,, 

deaind^ 
tion  tfa^^ 


Place  (he  Bijrs)  tli«  laotft  diilful  educiilor,  even  the 
expert  micnaoopnt,  in  prcMnce  of  large  odueatiocM  which 
iha  «f ntptoiM  d««cfibcd  in  our  exptrimcntsi  hin  jodgment  will 
neeaioarily  be  erroneoua  if  h«  oonbieB  himaelf  ie  Ae  knowUdga 
which  preceded  my  r«w»relM«.  The  wonns  will  Dot  pniaeQt  to 
him  the  Hlight««t  ipot  of  p^t>riaa ;  the  mtcroMapo  will  nut  reveal 
the  existence  of  eoTpaeelve;  the  ntoruliij  of  the  wornis  will  h« 
uull  er  iDKiE^i£canl ;  and  the  oocoom  leave  nothing  to  be  i 
Our  oboorver  would,  therefore,  coocledo  witfaont  hedtation  ' 
the  eggn  pTOilitccd  irill  be  good  for  incubation.  The  Inilh  ia,  on 
tb«  contrary,  that  all  the  wems  o(  these  fine  crops  hare  been 
poiMoed ;  that  f  ron  the  bcginnhig  they  eairied  tn  them  the  germ 
of  the  malady;  ready  to  latihiply  itMilf  beyond  nMaaitre  in  die 
chryaalidea  aod  the  tnoths,  thmce  to  pan  iota  the  egg*  and  anile 
with  Uerility  the  next  generation.  Awl  what  Is  the  fitat  mnae 
of  the  evil  oonocalnt  under  wo  dooulirul  an  exterior?  In 
BXpenaients  we  can,  eo  to  speak,  loitch  it  with  our  fii^en.  It  i 
eoiirely  t)ie  eflWt  ota  single  corpoacaloua  tvpast :  an  elTect  i 
ei  len  prompt  according  to  the  epoch  of  life  of  tlie  vronn 
has  eaten  the  poiaancd  food. 


Paateur  tkecribea  in  detail  bts  method  of 
beaUby  eggs.  It  ia  nothing  lea  than  a  mode  of  restoi 
ing  to  Franco  her  ancient  Bilk  bitsbamlry.  The  justifica-* 
biou  of  hi*  work  is  to  be  founcT  in  tlie  reports  which 
reached  him  of  the  application  and  tJ>e  unparalleled  sttc- 
ceas  of  his  method,  while  editing  his  reeearclies  for  fiiinl 
patdication.  In  both  France  and  Italy  kia  method  hiu 
been  puriued  with  the  most  surprLstng  resiUts.  But  it 
was  an  up-hill  figbt  which  led  to  thia  triumph.    'EcerJ 
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fe  layi,  *  einoe  the  commenceoieiit  of  tiit.-«u  rvM-arches,  I 
Inni  been  espOH>d  to  tbe  most  obetinatc  aiiil  tinjtut  con- 
tradictiotu ;  but  I  havo  made  it  «  duty  to  leave  no  tmco 
of  these  conaiclB  in  this  book.'  And  io  reference  to 
pandtio  (IttcuscK,  gvucrallv,  be  oMrn  tlir  following  ireighty 
wotda :  *  O  fit  au  pouToir  dc  llioiumo  do  fiure  di*- 
ponitre  de  U  rutCboo  du  glube  les  matadica  pansitaires, 
si,  cotnme  c'eat  ma  conviction,  U  doctrine  de*  g^o^TntiooA 
({MntsD^es  est  uno  obinir^re.' 

Pasteur  dwells  npon  the  eaoe  with  wliicb  an  isilaiid  like 
Coreica  might  bo  absolutely  isolat«d  from  tbe  Bilkvornt 
epidemic.  And  with  rt^rd  to  other  epidemics,  Mr. 
Simon  drfcribiw  nn  cxtraordinsry  case  of  iDsular  cxvmp- 
tion,  for  th«  Um  jean  extending  from  1851  to  I860.  Of 
the  627  mgiatration  diftncts  of  Knglnnd,  one  only  had 
U)  entire  eecape  from  diseases  wbicli,  in  wliolo  or  in  port, 
were  prevalent  in  all  tbe  otbers:  '  In  all  the  ten  yeara  it 
liad  not  a  single  deatb  by  mi-aelc«,  nor  a  single  death  by 
amall-poz,  nor  a  ringlc  d<»th  by  mnrlct-fever.  And  why  ? 
Not  becaOEC  of  it*  general  mnitary  merits,  for  it  liitd  an 
average  amotmt  of  oilier  evidence  of  lutheallhinees. 
>abttc«,  tbe  reocon  of  it«  cwapu  was  that  it  vas  insu- 
lt wai  thtt  dvitrict  c/  tlie  Scill}/  I«Us ;  to  which  it 
mv«t  Improbable  thai  any  febrile  contagion  should 
oonM  from  without.  And  it«  escape  is  an  approximative 
ptooS  that,  at  least  for  those  ten  years,  no  contagium  of 
meadea,  nwr  any  contagium  of  scarlet-fever,  nor  any  con- 
ta>rium  of  smnll-pox  bad  arisen  spontaneously  within  its 
mitA,*  It  may  be  added  tbut  there  were  only  seven 
cts  in  England  in  which  no  death  &om  diphtheria 
Ckoeiirred,  and  that,  of  tboto  seven  districts,  the  district  of 
the  Scilly  I^les  was  one. 

A  seeoad  parasitic  disease  of  sUkworaia,  called  in  Pranoa  ' 
jiacherie,  co-exiatent  with  p^briue,   but  <iuite  distinct 
im  it,  haj  also  been  invest  i^^ated  by  Pasteur.     Enough, 


the  voAkt  ttit«iegt«d  ia 
nkaatM  Ihr  Antfaer  in- 
fncticml  faint  M.  Pwt«ur, 
■ttaitie 


HIM  h\Ttn  ligTM*  ijoc  je  iloii 

m  ntB  Usant  otaerrer 

ie  li  Gra&ds-BretagiM)  mi 

^  Una,  at  6ea  prineipM  *]n* 

>  mn  k  mm.     B^ncoup  de  c«a 

1  mtetit,  «t  en  jctant 
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0>V"  *■*'  AwpvyoCiim  «^  OmtefT'oU''  if  otter, 
ttiar  to  Ttetcnr.  the  noat  dicme  and  eoDtradictory 
wmw  t\w/ttHi»\m»i  aa    to    the  oonta^ous  cba- 
«f  pAnae;  aonte  atontly  affiniwd   it,   othem  a9_ 
Anied  it.     Bot   on  ooa  point  all  ircre 
'Tb«T  tflirtrd  in  tb«  crittBOCB  oft  del<'terious  medium^ 
rml    cp4(l<Mni«    hf    tetam    oocult    and     ntjctcrioi: 
lueoov  ta  nUch   was    attributed    tbe  enmtt  of 

Tbotfe  aaiuioitrd  witb  Aur  nedieal  litenlitr 
11  not  (til  to  observe  an  inrtracUv^  analogr  faen.1 
We  haro  on  the  ono  dde  aiecoaplished  writ«n  ascribing 
«pidemio  diseases  to  'dclcterioos  media*  vhich  arise 
Epcmtaoeonalj  in  crowded  hospitals  and  [ll^KmcDing 
drain*.  According  to  tbein,  tJw  matter  of  epidemic 
diseue  is  forcaed  da  novo  in  a  putrescent  almospbere. 
On  tb«  other  side  we  haire  writcre,  dear,  vi^roim,  will^i 
v«ll-dcfio«d  ideas  and  methods  of  rcjrarch,  oontvndinf^l 
that  the  matter  which  produces  epidemic  disease  ootnn 
always  from  s  parent  utoch.  It  behavea  at  germl 
matter,  and  they  do  not  hesitiitc  to  regard  it  as  Bochj 
Til-  V  III.  more  belicrft  in  the  spnottuicotn  graemtton 
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mcb  diseaees,  than  tbe;  do  in  the  spontaDeoas  gcnenUion 
of  mice.  Pasteur,  for  example,  found  that  pt^brine  )iad  Imh'ii 
knova  for  an  indefinite  time  as  a  disease  among  nlk- 
vonns.  Tbe  development  of  it  which  be  combated  wu 
menlf  tlte  ezpanaion  of  an  already  exiHting  power — the 
banting  into  opc'u  couflagraUon  of  a  prAvioiuIy  miDu]- 
dering  fire.  Tb&re  is  nothing  surprisiug  in  llii^  For 
thangb  epidemic  disease  requires  a  special  oontagium  to 
produce  it,  surrounding  conditions  must  have  a  potent 
influcoce  on  it«  development.  Common  eeeds  may  be 
duly  H>wn,  but  tJw  mndttioiu  of  temperature  and  mouture 
OHiy  be  Bucb  as  to  r»tnvt,  or  allo^ther  prevent,  the 
■nbaequent  growth,  l^ooked  at,  Uiere^re,  from  the  point 
of  viow  of  tht  germ  Uieory,  tbe  exceptional  enei^  which 
epidemic  disease  from  time  to  time  exhibit^;,  is  in  har- 
mony with  tbe  method  of  Nature.  We  sometimes  bear 
dipbtberia  spoken  of  as  if  it  wore  a  new  disease  of  tbe 
lajtt  twenty  ycar« ;  but  Mr.  Simon  telli  mc  that  about 
tbroo  oeultirics  ago  tri'-mendous  epidemics  of  it  brgan  to 
nge  iu  fipain  (where  it  waa  named  GaTTOtiUo)^  and  soon 
afl«rwards  is  Italy ;  and  that  since  that  time  the  disease  has 
boeo  well  known  to  all  suoceSBive  generations  of  doctors. 
In  or  about  1728,  for  instance,  Vt.  Starr,  of  Liskeard,  in 
a  commoni cation  to  the  Koyal  Society,  particularly 
dcaoibcd  tJio  ditK^ate,  with  all  tlio  charairtcnt  which  have 
recently  again  beoomi;  &milur,  but  under  tbe  name  of 
morbus  atmngulaltniust  as  then  SRverely  epidemic  in 
Cornwall.  This  fact  is  the  more  interestiog,  as  diph- 
tbiu-ja,  iti  its  more  modern  reappearance,  again  showed 
predilection  for  that  remote  county.  Alany  also  believe 
that  the  Black  Death,  of  fi\-e  centuries  ago,  has  disappeared 
as  mysteriously  as  it  came ;  but  Mr.  Simon  tinds  titat  it 

I  believed  to  bo  prevalent  at  this  hour  in  some  of  tbe 

[irth-in»t<m  parts  of  ludta. 
L«-t  me  hetp  Hldte  nn  item  of  my  own  experience.  \Vhen 
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[  wa»  u  ihm  Bd  Mp  htL  jw  the  Engluli  cliapUia 
jvcRTol  krtten  isfaaBiitg  lum  of  the  breakiDc  oat  of 
KuM-ferer  smflBg  hii  eUldren.  He  lived,  if  I  remember 
dgfaUyt  ea  the  bealtUb]  — "i"*~»  of  Dutjuoor,  mmI  it 
«« i&Scuk  ta  ttwagiw*  bow  icvIeUfecer  could  have  beeo 
vsOol  to  tite  fiin-  A  dnia  iza  doae  tn  bid  faoaae,  and 
oo  it  hit  ntpieuNH  ««n  aanift^stljr  fixed.  Si>me  of  oui 
iB»dioi  ndten  wnild  iwtif;  bim  i&  tbia  notioa,  and  Uiub 
liribrt  bim  firom  tbe  truth,  wiiile  tboes  of  aootber  ecbool 
VMdd  deny  to  »  dnin,  homvcr  fool,  tfae  power  of  pro- 
daoiiig  a  ifteeifi«  diwaae.  After  doso  onqninr  h»  recol- 
lected that  »  hoUT^^MCW  had  be«s  used  both  by  his  boy 
and  aaothar  who%  a  Bhort  tiaw  previoitfly,  had  paned 
th)3ugfa  warfat-ferw. 

Draiofl  aad  eawponla,  indeed,  are  by  no  s>ean«  in  s^ich 
evil  odour  ta  they  nwd  to  be.  A  fiitid  Thames  aud  a  low 
d«aU»<iate  occur  &ota  time  to  time  tt^tber  in  London. 
F»r,  if  the  special  matteo-  or  ^rms  of  epidemic  disorder 
be  not  pre)H!i)t,  a  cornipt  atmosphere,  however  obDosioua 
Otiierwiae,  will  Dot  produce  tlie  disorder.  Uiii,  if  tlie 
genns  be  prewnt,  d<-fi-ctiro  drains  aad  c^.'TvpooU  become 
the  potent  distributor  of  diseoce  aad  dvath.  Corrupted 
air  may  promote  an  nptdemio,  but  cannot  pmduon  it.  On 
the  other  h&od,  through  IJie  transport  of  titf.  flpenial  gtana 
m  vinu,  dltcsse  may  develop  itaelf  in  regions  wherw  thn 
draina^  ia  gnod  and  the  atmoephere  pureu 

rr  you  seu  a  aew  tliistb;  growing  in  your  field  yoa  feet 
re  Uiat  its  seed  h:u  bi?cn  waRcd  UitthfT.  Ju'it  as  sore 
loee  it  seem  that  the  oouta^ous  mntl^^r  of  cpidnnic  dia- 
!  has  beeii  tmnspUntcd  to  the  place  where  it  n«w1y 
Ippnare.  With  a  cloarocra  and  conclu«ivene^  not  to  be 
_  tsied.  Dr.  William  Btidd  has  traced  wtcli  di^eaaea 
from  place  to  place ;  nhowtng  bow  they  plant  tbemseWea, 
at  ilidtiiict  fnd,- among  populations  S)ilijcct4>d  to  the 
•am«  atinmphcrio  ioHnencea,  just  as  grainit  of  ix<ni  mi^ 
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1«  curied  io  Lfae  pockot  »vA  aovo.  Uildebraod,  to  whoae 
mnGik&blo  'Srork,  *  Du  T;phu>  contsgieuz,*  Dr.  de  HuBsy^ 
bas  dirprti^l  mr  ntt<tution,  giv«  tJm  following  striking 
auK,  tfoUt  of  tliH  ditraiiilitjr  aa<]  th«  transport  of  the  vints 
of  icarbitiiut :  '  Ud  habit  noir  que  j'&vais  «n  viaitant  uu« 
nulade  attaqu^  de  scaitatine,  et  que  jo  portai  de  Vienna 
CD  Podolie,  sans  TaToir  mis  dcpuis  plus  d'un  an  et  demi, 
me  comniuniqna,  6is  que  je  fiM  arriv^,  ckUo  maiadie  con- 
tagieUKc,  quo  jv  rrpnndiK  cnituite  danM  octte  province,  oii 
die  /tttit  jiuqu'a]an  pmtwjne  inconnuc.'  Some  ytoni  ago 
Dr.  de  Miufiy  himself  was  siUDiiK>D«d  to  a  country  honse 
in  Surrey,  to  see  a  young  lady  who  was  suffering  from  a 
dropsy,  evidently  the  coDsequcnmt  of  flcarlatino.  Thv 
original  disease,  being  of  a  very  mild  character,  )iad  been 
quite  overlooked  ;  but  circumstances  were  recorded  whicli 
coold  leave  no  doubt  upon  tbe  mind  as  to  the  natum 
■ad  cause  of  tlic  complaint.  But  t-licn  tlio  question  arose. 
How  dli)  the  young  lady  oilch  thi:  scarlatina  ?  8he  had 
eome  there  on  »  viiiil  two  months  previotuly,  and  it  was 
only  after  she  bad  been  a  month  in  the  house  (hat  she 
wns  taken  ill.  The  housekeeper  at  Icnj^h  cleared  up  the 
mystery.  The  young  Indy,  on  her  arrival,  bad  expreswd  a 
wtsh  tu  occupy  a  rootn  in  an  isolated  tower.  Her  de«ire 
was  granted ;  and  in  that  room,  six  months  previously,  a 
visitor  bad  been  confined  with  an  attack  of  scarlatina. 
The  room  had  been  swept  and  whitewashed,  but  the 
csrpeta  luul  been  pvrmittod  to  remain. 

Tbnuaands  of  ca-toK  cotdd  proliably  l^e  cited  in  which 
the  diaeasQ  has  showu  iinelf  in  this  mysterious  way,  but 
where  a  strict  examiuaiion  has  reveialcd  its  true  parentage 
and  extraction.  Is  it,  (hen.  pbiloaophtcal  to  take  refuge 
in  the  fortuitous  concour»«  uf  atom«  ox  a  caiiiw  of  vpedfio 
disease,  merely  bvcamsc  iu  special  case*  the  parentaij^ 
may  Iw  tuilisLiiict?  Those  best  acquainted  with  atomic 
■•tare,  ftud  whu  are  mort  ready  to  admit,  as  regnnU  even 
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higber  tbtDgs  than  this,  the  poteaLlaliUes  o£  toattor,  i 
be  the  last  to  aeovpt  tli«M>  rub  hypotheses. 

ThtOtrm  TKiory  applUd  ta  Surggr;/. 
Not  only  Okediral  but  nirpfical  scienoe  is  now  scokitig 
light  and  gm<lBiice  fr<»n  this  germ  theory.  Upon  it  Iho 
imttBeptic  tyrton  of  ProfcMtor  Lister  uf  Ediiibuigb  is 
founded.  As  alreudy  9tAt«d,  the  germ  Uieory  of  pulto- 
fiKtioa  wu  (Larted  by  Sahwann,  hut  tJtu  illuttimtioiu  uf 
this  theory  adduced  by  ProCMBor  LisUir  ut  of  such  public 
tD<>m«iit  u*  not  only  to  justify,  but  to  render  impeiatlvo, 
t)i<-ir  introductioa  here. 

Scfawanu'i  otMCTvatioiM^myiPraftwor  Littor)ilkl  not  rocciTe 
die  auanion  whidi  Asy  i^>p«cr«d  to  mo  to  b»«  d«wrred.  Tito 
ftniMDtmioii  of  wgu  wu  geo«nIly  ■llovcd  to  be  ooowuoimkI  ti; 
Ui*  iMwia  otrtMiMt ;  but  it  waa  Dot  admittod  that  patrcEaction 
wu  due  lo  an  analagoaa  agoncy.  And  yet  tha  two  cawM  preMOt 
e  Tery  itrUiing  parallel  In  mA  a  ctRble  ebeoucal  coupouoil, 
•Ugar  in  tha  one  oue,  albnnwn  in  the  otlier,  nodcrgoes  asttnt- 
Jiaary  ^tmi««1  changM  under  tli«  infliMnco  of  an  «Mt*tnnif 
ninute  quantity  of  a  aababuiM  wliicb,  regarded  dmnically,  in 
lid  *uppOM  inert.  Aa  an  axampla  ot  tbU  in  ibe  eaM  of 
utreTactioo,  lat  ub  take  a  ciicununuice  often  wimoMMl  in  tbn 
at  of  latge  dwxuc  abaoMWW.  In  otd«r  lu  giwrd  agatnia 
be  eooen  of  atn>o«pliciio  air,  wa  wed  to  draw  off  tlie  matuw  by 
r«ieeiM  of  a  cnnula  and  trocar,  auch  aa  you  ate  ham,  oonsiating  of 
a  silver  tubo  with  a  iliarp-poinied  steel  rod  fitted  into  it,  and 
DJecting  beyond  it,  Tlie  inatruaiMit,  dippnl  b  oil,  wax  tbnwt 
nto  ifae  cavity  of  tli«  aboeen,  the  trocar  wm  withdmwn,  and  tho 
pus  Ao«red  out  ihroogh  tbv  cannla,  care  being  takao  by  gentle 
Rure  01-er  (he  part  lo  prevent  the  pojubllity  of  reBUigitotioa. 
Tbo  cnnuln  wan  then  drawn  out  with  due  pretaution  againA  die 
^nflux  of  air.  This  method  waa  freqtumtly  racceaaftiJ  aa  to  lia 
liate  object,  the  patient  Mng  relieved  from  the  man  uf 
^iho  aoMnnnlited  fluid,  and  experiencing  no  inconvenience  from 
bo  oprmion.  But  the  ptu  was  pceity  certain  to  rencotnaulata 
courM  of  lime,  and  it  became  neciM*ary  again  and  again 
''n-pcai  the   prooeee.      And  unhappily  thece  waa  do   abeoluti 
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Kduitjr  cf  immunity'  Itom  lad  oORTCqii«nc«a.  Ilonerer  cst«- 
Ulj  ibe  pnwjedure  woa  oODiiuct«d,  il  aometimos  happetied,  ervn 
Aoogli  tbc  puncture  Mtuned  bmltni;  hy  Gnit  inUmtMo,  tliat 
farcmli  ■^ipionm  dddved  tlianadrt*  in  th«  coun*  of  tli*  Itnit 
nr  accoui]  <I*f ,  mi<I,  on  innpeciiug  ih»  seat  of  ihe  sbawai,  tfas 
ikui  WM  pvrliapj  Heen  lo  b«  red,  uniilflDg  lli«  |>r<:WDce  of  nni* 
emM  of  uritetioa,  Yrfaitu  a  rapid  rcMxaniuIatioii  of  tlio  ilui<l  in* 
Inad  to  lukvc  oocnrrcd.  Un^r  Ui««c  circmniituiraai,  it  becuinp 
nM9aHW7  to  o|>«n  the  abictw  by  Tree  inciaiou,  when  a  qnaniitj' 
bi^  la  proportuiD  la  iIm  uu  of  the  abeesi^  By,  for  exumpl«,  a 
■(usn,  of  pua  eacnpcd,  f«ti(l  from  patrabctioo.  Now,  tiuw  haJ 
thia  eluutge  been  brought  about  ?  Witliout  tlio  germ  tbuury,  1 
vMiuira  lo  my,  no  ntivnal  «tpluiation  of  it  could  bavo  been 
ipvm.  It  BiuiU  liav«  b««n  oused  by  tlie  iDiroduction  ol  mni*- 
tkiag  from  wiUiout.  InOtumnatioii  of  tbu  puuoturod  woaoil, 
Ann  aujiptiMog  it  to  hare  occnrred,  would  not  vxpl«i(i  tli«  pbeniv 
mmaaa.  Far  tnora  influnmEtioD,  wbotber  acuta  or  cfarooic, 
tfaoogh  it  occaMMia  the  formalioo  of  pua,  doaa  not  induco  putr»- 
bctkm.  Th«  pus  origiuJly  eracnuled  was  perfectljr  awwt,  and 
«e  know  ol  notbin^  to  aoooont  &r  the  allcnliat  in  ila  qtuililj- 
bM  ibu  iafincnco  of  aocnMhing  doriTrd  from  tba  external  world. 
Aod  what  could  iliat  aoOMlbiDg  be  7  The  dippug  of  tba  iiutrii- 
m«s)i  in  oil,  Bnd  the  Kubeequenl  preoau^oua,  pmenled  the  «n- 
tnnee  of  oxjgeti.  Or  vroi  if  j'ou  allowed  that  a  few  aloma  of 
i1m  bm  did  ntitvr,  ii  would  be  on  dxlraonliunrj'  uAiurop^oa  to 
naikv  ihM  ihoac  ciaU  id  «a  abort  a  time  elToct  aiicb  changea  in 
w  Urgt  m  n»B  of  albuminom  niateriftL  BeaidtSi  tlw  pTOgeoio 
menbntne  la  ■boodautJjr  euppliud  with  cafuUaiy  veoaelii^  through 
wbi^  artccia!  tilood,  rich  in  oxygen,  ta  perpetually  (lowing-,  and 
ibcra  etn  Ik  liitlc  doubt  that  tlie  paa,  brforc  il  was  oracuaied  at 
•Uf  w«a  lialtla  to  unyactiott  which  tlic  element  might  bu  diajioiicd 
10  exert  apon  it. 

On  lbs  vxyfsvo  ibcoi^,  then,  tlie  occurrence  of  pulrefHction 
under  tboo  arcnnutancai  la  qnito  iucxplicnhlc.  But  if  yoii 
^mit  the  gvrtn  thtory,  ihe  dil&culij  TUiUhee  at  once.  'Hiv 
cMinlnBDd  tnxar  having  been  lying  exposed  lo  the  air,  dupt 
win  Imvb  Lioen  di-fioniied  upon  (heai,  and  will  be  preutii  in  ibe 
■agin  hvtwmri  ibn  trocar  end  1|m>  ulvcr  tube,  uiil  in  itini  pn>- 
I  tectid  Vilnatioin  will  £iil  to  be  wijMd  off  wlien  tbo  iiulruainit  ia 
1      ■bruu  tliiuoch  Uu  Itaauea.     Then  when  tlie  trocar  ia  witbdnwn. 
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rwMRe  portjon*  of  tbti  diMl  wSU  aatimlly  rennbi  npon  tlie  marg] 
af  ibe  cumin,  whicli  is  left  prvjixTting  into  th«  ab«c<«s, 
Dthing  is  more  Uifly  ih»a  tlMt  8oni«  pattict««  ta»j  &i]  U 
\itd  off  bj  Ui«  straun  i>f  04it-11uwin]{  piu,  bat  nuj  ba  it 

^lodgad  whva  th«  tiibc  u  lakon  out,  and  loft  hohind  in  tbe  an'i 
be  g«nu  ibwr;  l«Ua  us  ihu  lb«»e  particles  or  ioM  will 

nvcUj  litre  to  ooDtain  tbc  g«rms  of  puirdiiotivn  ar;mntstii*,  an<l 
if  00*  Kocti  in  left  in  tbc  albiiminou*  liquid,  it  will  rapidly  dwA 
«t  the  higb  temperitnire  «r  the  bo'Ij*,  and  sccoviit  for  all 
plitntumvna. 

Bnt  striking  m  ia  the  panlM  b«iurpFB  pntre&ciion  iu  thi 

t  tiiaUnce  and  tli«  ruioua  fcnnaitation,  m  r^giuda  the  jrail 

I  the  offi^t  prod uoed,  compared  with  lb*  mtnuterirai  and  tbp  in«rt- 

'  noun,  cli«mi(ally  (pnlcing,  i>f  tbo  o^nw,  yoti  will  nntiinlly  deair« 
further  erideoM  of  tha  umiUrity  of  the  two  prooeanM.  Yuu  can 
■M  with  ili«  micraaoope  tbo  toruta  of  fermoiting  miMt  or  beer. 
(a  tlieiv,  ^u  m*j  a^k,  luiy  orE^vnixin  to  be  dotnctecl  in  the  pittr*- 
fying  pa>  f  Y«*,  gentleman,  th<T«!  i«.  If  anjr  drop  of  Oi«  putrid 
mnflir  in  examined  with  a  good  ghn,  it  i*  founii  to  be  l««ming 
with  tnyriade  of  minuto  jointed  bodi«»,  called  vibrios,  whioh 
indubitably  proclum  tbeir  vitiiUiy  b^  tlM  nt<a^  of  their  inoT< 
picnta.  It  ia  not  nn  ofliiir  of  ]m>liabilily,  but  a  ftcc,  thnt 
catirc  matt  of  that  qunrt  of  ptw  hna  become  peopled  with  livlni 
organivna  aa  the  reault  of  llie  iotroductiiHi  of  the  miuU  am 
tr<M:nr ;  for  thi!  matter  first  lut  out  wuh  ■•  fni'  fi^m  ribrin*  ■«  it 
M-M  from  pntnrActioa.  If  thi*  bo *o,  thogmtnessof  ibachnnical 
changes  that  have  taken  place  In  the  piu  eeasea  lo  be  surprUag. 
We  know  iImI  it  la  one  of  the  chief  pecuIinritiM  of  liTu^  tfni^ 

^turee  that  they  poMcn extraordinary-  poiren  of  elfecting chemical 
change*  b  material*  in  their  riciniij,  out  of  all  praportioQ  to 
lliMT  energy  a«  mere  ch«miol  oompounda.  And  we  oaa  hardi] 
doubt  that  the  animalcul«B  which  have  b««u  developed  in 

;  alhtnoiniaua  liquid,  and  hare  gtown  at  its  esptUK,  ronil  hx 
Rltersd  its  ooitititutinn,  juit  a*  we  onraolrrji  alter  tbiit  of 

tmatmab  oi>  which  we  ford.' 

In  iltn  opt^mttons  of  Profi^K«or  Lint«r  care  in  takei 
'that  CTery  portion  of  timtie  Uid  bare  bj  Uic  kuife  si 
be  defeodcd   from   germs;   that  if  tboy  full   upon 
■  ■  lattolattarT  Lcrture  bcfcfp  the  Uairwvity  <a  Edioliaish.' 
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liamid  thf.j  sJuOI  bo  killod  as  they  foil.  WiUt  Uiis  in 
new  be  showeni  upon  his  exposed  Mirfaces  the  spray  of 
diluted  carbolic  acid,  whicli  h  particalarly  deadly  to  (lie 
genos,  and  be  surrounds  the  wound  in  tbo  mo»t  careful 
mtaiwr  wilb  nntiwptic  bandageti.  To  tlio»e  iiccustomed 
to  alrict  ex[)rriincDt  tt  is  maQifeat  that  we  bare  a  utriA 
experinutnter  here— a  mun  with  a  perfectly  distinct  object 
in  view,  wbicb  he  punura  willi  ncvcr-tiriiig  patience  and 
imwavcring  iaith.  And  the  reoult,  in  his  hi>Kpitul 
pnictJce,  ai  du*cril(cd  by  himself)  baa  been,  that  oTeo  in 
the  midst  of  ahotniuatioDii  too  shocking  to  be  mcDtionod 
bcre,  and  in  the  neighbourhood  of  warda  where  de«t 
was  rampant  from  pyemia,  erysipchu^  and  hospital  gan-^ 
greno,  he  ww  able  to  keep  his  patients  absolutely  free 
from  those  terrible  scourgee.  Let  me  here  recommend 
tu  jour  attention  Profeiaor  laster's  '  Introductory 
Lecture  before  the  University  of  K<linbuTgh,'  whiuh  I  have 
already  quoted  ;  hi*  paper  on  'The  Effi-ct  of  the  Anti- 
septic System  of  Treatment  on  the  Salubrity  of  a  Surgical 
llocpital ! '  and  the  article  in  tlie '  British  Mi-dictil  Journal ' 
of  Jttnuaij  14,  1871. 

It^  luateod  of  uKJiig  oiirbolic  acid  xpray,  he  could  sur- 
round hia  wounds  with  properly  filtered  air,  tlio^rr-fult 
would,  be  contends,  be  (he  same.  In  a  room  where  tlie 
gemu  Dot  only  float  but  cling  to  c]o(h(«  iiuil  walla,  this 
Would  be  difficuJl,  if  uot  impofiiible.  Rut  surgery  is' 
acriuainted  witJi  a  ckun  of  wounds  in  which  tbe  blood  is 
fively  mixed  with  air  that  haa  passed  through  the  lungs, 
and  it  is  a  most  remarkable  tact  that  sucli  air  does  not 
produce  putrefacUoa.  Profcmor  Lister,  as  fiir  as  I  know, 
wa«  thr  fimt  to  give  a  philosopbicnl  interpretation  of  this 
^oti  whicb  )>u  dcaeribes  and  comments  upon  Ibutt: 

I  hate  uxptaiuod  to  iny  own  mind  the  ivniarluiblu  Gut  llut 
in  «impl<!  frxtUire  of  the  ribs,  if  llio  hing  be  punctured  by  a 
hvgnail.  Urn    (ilood   cfliwcd  into  tJie  {iIciitrI    cavity,   itioiigb 
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frecJj  oiijccd  iriili  rnir,  vwlagcn  no  Uncomimatkia.  The  nir  i« 
•oniKtmc*  pumped  m(o  die  plvoral  cnn^  in  mch  iit>un()j>nc« 
lliai,  makit^  it*  wny  tbroogh  tho  wonad  in  An  plaiim  comliii,  it 
InAntvi)  thd  celluliir  tu«iH  of  ihe  w1miI«  body,  T«t  tlitt  ocounoni 
no  alarm  to  tli«  MirgeoD  (altlwHigb  if  ll>e  blood  in  (ho  plenm 
were  U>  \Axbrvfy,  !t  wonld  tn&lliblj  ooeaomi  duigcrou*  snppu- 
ntivc  ['Iciiriii^).  Wliy  air  introdacid  iato  the  pleund  oitKj 
Uiraogli  m  wouiidtd  lung,  ihoold  h»J9  bikJi  wbolly  different 
cffiKta  Irom  Uiut  entVTiag  diredljr  tliraagh  a  WDiind  in  the  cbctt, 
WM  Ui  ntn  n  oomploto  vayttay  aatil  I  h««rd  of  Iho  gcnn  thocn^r 
of  patr«CKtion,  when  it  at  onoe  0«eurr«d  (O  hh  that  it  was  ooljr 
natural  Uiat  uir  tiliuuld  b«  filtered  of  genna  b;  the  air-iatsigei^ 
one  of  whoK  offices  tatoamat  inhaled  paiticlea  of  dust,  and  pre- 
vent Ibam  tnta  etitoring  th«  atr-oella. 
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I  aliall  have  occasion  to  r«f<(-r  to  this  remarkaMu  bypotbeada 
farther  on. 

The  adTocatM  of  the  genn  theory,  both  of  putrefnction 
and  cpidi-mic  diecaM,  hold  that  both  aiisc^  not  from  the 
air,  but  from  soroetiiiog  couUuniid  in  tlie  air.    Tlivy  bold, 
moreover,  that  this  <  aometbii^ '  is  not  a  nipoiir  nor 
gai^  nor  inde«d  a  molecule  of  any  kind,  but  a  pariide. 
The  term  *  partici]Ut«'  has  bcim  used  in  the  Jtepotts  oi 
(he  Medical  Department  of  ths  Privy  CouDcil  to  dcseriba 
this  MppOM'd  coDHtitution  of  conta^oiii*  mnttor;  and  Dr. 
Sandcreon'*  vxpcriiaviit^  render  it  iu  the  higlieal  tlegroe 
probiible,  if  Ihey  do  not  actually  demODstrate,  that  tlw 
viruN  of  umall-pox  is  'particulate.'     Definite  knowIedg^H 
upon  tliiii  point  is  of  exoeeditiK  importance,  because  io^ 
tlie  treatment  of  partidea  metbodii  are  available  which    , 
it  would  1x1  fkitile  to  apply  to  molecultv.  H 

*  Ai  rw>id«  «1m  tkacD  b  pmbaUy  i«  A>ip  lis*  of  dititaoo  Ihvmm 
mnUtuka  and  [«nicl» ;  ih«  om  KndtuUy  dailM  tain  tha  eU»r.  Bat  1^ 
dirtinolwn  Out  I  vuoLl  dnw  la  thi> :  tt*  iiton  oe  tlis  moIcMJa.  tf  tn*.  >• 
nlvHT*  part  of  •  f(u.  Ott  f«iticl«  i»  noTir  •»  A  ptii  icjn  b  s  Mt  of  liquid 
ut  mUiI  mnlttr,  farmed  bjrtfcaaQnvuiaa  of  a(o<B*  to  metiMalr*. 
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)  ApplicatioH  of  LwKiinoua  Beams  to  ikese  ReMmxhee. 

Mf  owu  intcrfcrt-iice  with  this  great  qu«ation,  wbile 
l>y  rmiui-ut  nuiDc-s,  htu  bp«n  a\ta  an  obj<N:t  of 
?'9uA  i[ig«iii»iis  alUck.  Oii  litis  point  I  will  only 
«ay  tbat  vhen  angry  feoling  r«cnp<;«  from  behind  tlie 
ititieUcct,  wljere  It  may  be  useful  a.i  an  urging  force,  utd 
places  itself  athwart  the  intellect,  it  is  liable  to  produc* ' 
ftU  manner  of  doltutions.  Thus  my  censors,  for  the  moHt' 
part,  liave  levelled  their  romarkii  against  podtions  which 
were  neTer  assumed,  and  against  claimi)  which  were  uewr 
tnade.  Htc  simple  history  of  the  matter  is  this :  During 
th(?  aatumn  of  1868  I  wss  much  occupied  with  the  obser- 
Tslions  referred  to  at  the  beginning  of  this  difooiuse. 
For  fifteen  ycarB  it  had  been  my  habit  to  make  use  of 
Bcwting  dtut  to  reveal  the  paths  of  luminous  beams 
tbrough  the  air;  but  until  IS68  I  did  not  intentionally 
reverae  tb«  prooeA«,  and  employ  a  luminous  beam  to  reveal 
■ml  cramine  the  dust.  Id  a  paper  presented  to  the  lioyal 
Rociety  in  December,  1869,  the  observations  which  in- 
duced me  to  give  more  special  attention  to  the  question 
of  spontaneous  gcncnitivn,  and  the  g<Tm  Uieorj  of  e|M- 
dcmio  disease,  are  thus  described ; 


'The  Floating  Matter  u/  the  Air. 

Prior  U>  the  discoTory  of  tfas  (bnigobg  notion  (ibo  clieniical 
actko  of  light  ugioa  Tspours,  FrsgtiMOt  IV.),  and  also  diuing 
tht  cxpnimaiti  jtutt  rtfurrcd  to,  ihu  nature  of  my  work  compellod 
laa  ta  aim  at  obtaining  cspetimratol  tiilxa  abnoJutvly  ct«an  npon 
iFip  cnrface,  and  ab«>lni(-iy  fren  wiihin  from  sinpniidiyl  mnttcr. 
.V<  iihercDmlitton  b,  liowcver,  easily  attained. 

Tor  Iiiiirov>-T  wril  (Ii«  Inbis  (aiglil  bo  woiJicd  sad  polished, 
sitd  however  bright  nnd  pnro  they  nught  spptar  in  ordinniy 
■Icyligfat,  tbo  electrio  benra  inftllibly  rer*«Ie(l  Hign*  snd  tokens 
ttt  dirt.     The  air  was  alnys  prvsuit,  and  It  was  uin!  lo  depos'i 
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Iin|>arit]r,  All  olMBiical  procwoi,  not  oomlucied  in 
Taemm,  ojc  opes  lo  tbu  diatarlanoe.  WImb  tlie  oqxaitacnUl' 
tnb«  wu  cxlianKlcd,  it  «xliLibai«d  no  tnce  or  floUiiif  nuUer,  bat 
on  sdmnting  tkc  ur  Uiroil^  tiM  U-cab««  (eoaUiniDg  uastie 
potarli  ukI  nilpbutic  add),  a  dua-<»M  no*  or  kn  dikiiict  wu 
kiwmjii  rcvvnlcd  ty  the  [nirerililljr  oondcnaed  ttlectric  bcMU. 

Tbc  floatiDg  motu  rawimMed  minnto  p«ntdK«  of  liquid 
which  bad  bMO  ouTMd  ntocbanieiUy  Srcn  the  D-tnbaa  into  the 
experfaBeDtal  tube.  Fvfcautioa*  wen  ilictelcm  talcoi  lo  pmrant 
aaj  waeL  tnattm.  Thtj  prodooed  Uttk  or  no  miug^itioB, 
did  Dot  tnnginci,  at  tbe  time,  that  the  dnat  cf  tba  vxlcnml 
could  find  aurli  frrc  juaiinii  through  tbo  etaMia  potadi 
eutphuric  aeid.  Tiar,  homtrmr,  vm  the  caae  ;  iIm  uotM  nmliy^ 
camo  tnutt  wtibout.  Thej  alao  pawed  with  &«edom  ihroogh  a 
varie^  of  nihara  and  aloobola.  In  &et,  it  mfoirea  loog-con- 
liniMd  actMO  on  tha  part  of  an  acid  fitat  to  wri  iha  motta  aiut 
aflertranla  to  dcatroy  them.  Hy  aavtaHj  paaing  the  air  throu^ 
ilio  flan«  of  a  uptriklamp,  or  through  a  plalinum  tube  heat«d  to 
bright  mdDCNt,  the  floating  matter  waa  Honblj  dcatrojred.  It 
Wiut  ihcrcfiwe  cotnbtudiblo,  in  othar  wonli^  ot^omV,  matt«r.  I 
iriv^  to  tntonwpt  it  by  a  large  r«if>it»tar  of  oottoD-woo).  Clone 
preastire  was  nocmaaiy  to  t«[Ml«r  the  wool  effective.  A  ptttg  of 
the  wool,  rammed  prettjr  tightly  into  the  tube  tbrough  which  the 
tiir  paawd,  waa  fioally  fiwad  competent  to  hold  bade  the  nolca. 
They  appeared  bvm  time  to  time  nil«iirftnlii,  and  garo  mo  much 
trouble;  bat  lh«7  were  invariably  traced  in  the  end  to  aome 
defect  in  the  purifying  appomtu* — to  same  crock  or  flaw  in  the 
araling-wax  omptoycd  lo  r«aidcr  th«  tnlwa  air-tight.  Iboa 
tltroi^h  proper  eare,  bat  not  without  a  gr«at  deal  of  aaaKbing 
out  of  dieiurbaDcea,  ilio  cxpcviinealal  tube,  eren  vrliois  filled 
with  oir  or  tapoor,  conlabia  nolliing  competent  to  acatter  tba 
light.  Th«  «paca  within  it  haa  the  atfwct  of  an  abao) 
Tacnnm. 

An  experimental  tube  in  tiue  coadJtion   I  call  eptieallg 
emplif. 

The  ntnplc  u])pnnuuii  employed  in  thcao  oxperimenta  will  be 
al  onoo  undimtood  by  roferaice  to  the  fignre  on  page  )51.     S  S' 
ia  the  glaag  «xperini«nUl  tube,  which  has  varied  to  length 
1  to  A  (eel,  iuul  which  may  he  ftom  3  to  S  iuoboa  in  diameter. 
From  tlie  end  S,tlie  pipejtp' [nteea  to  nn  air-pamp.    Connected 
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witlt  the  othrr  rail  S'  we  harn  tlio  flnik  V,  wmtMiniag  the  iiqukl 
wImm  n{wur  is  to  be  «xsmin«d ;  ibvn  follows  »  D-tubv,  T,,^ 
KUed  with  fn^menta  of  dean  G^Ms,  welled  with  sulpbanc  udd  ] 
tiica  m  Mcood  U-ttilie,  T,  oouiaiuiug  Iraginuni*  of  nutrldc,  «r«ttcd 
with  cauttio  potoah ;  nnd  (hutltjr  »  nurow  itrsijichl  uib«  (  f,  cpr- 
intntBg  s  tolsmblj  tightly  lilting  plug  of  Aolton-wool.  To  save 
llw  ur-|K]inp  gauge  from  tba  alUick  of  such  rapoun  as  act  uit 
Vuavarj,  u  aha  Ui  bcUitst*  otiKrvation,  &  ae|Hmite  baromcti-r 
tube  yna  enipkn'eil. 

Tbroogb  lii«  cirIc  wliich  ttopa  tlwi  Satk  V  tvn  gi»M  (ab««, 
a  snd  6,  psm  sir-tighu  1'bo  tube  a  ro<lt*  iii)En«dialHy  under  the 
eark  ;  Uio  lube  b,  on  ilie  contrary,  de«c«n<la  to  the  boltotn  of  the 
flsdc  BQil  dipa  into  the  l^u!d.  Tbe  vnd  of  tli«  tube  (  ii  drawn 
oat  K)  u  to  miliar  rcr;  ■Biitl]  the  orifice  tbrougli  wUicli  tbe  air 
jBopes  into  tJio  liquid. 

Tba  experimoaul  lube  S  S'  being  axhausted,  a  coclc  at  tbe 
end  S*  ta  turned  CiirefuIIy  on.  The  air  puses  elowlj  through 
tlin  cotton -wool,  tlie  cauittic  jxibuh,  and  the  sulpliurio  add  in 
■Kondoi.  Thtu  piiri<;od,  it  enters  tlio  flii*lc  V  oiid  biibbka 
Ihrougli  the  liinid.  Charged  witli  vapour,  it  finallj  ps(«es  into 
the  (tx|<(TiinciitiU  tub«,  wbere  it  in  eubtnitttxl  to  exRioioatloD. 
Tbv  uloctrie  lamp  I.  placed  at  the  «nd  of  Hut  cxpcrimicntal  tube 
fumiahos  the  necceury  bcnm. 

The  beta  here  forced  upon  myattentioD  hod  a  bcariog 
too  evident  to  be  overlooked.  The  inability  of  uir  which 
Itod  licrn  filtiTciJ  Ihrougb  coUon-wool  lo  generate  uniiDul- 
odIju'  life,  had  bv«a  denwHiHttat«d  by  Schrocdcr  and 
Jteeur :  here,  the  cauM  of  it«  impotence  waa  rendered 
•^deat  to  th«  eye  The  exporimont  proved  that  no 
MDillile  amount  of  light  waM  Hcaitered  by  tlto  moleculet 
iif  tliA  air ;  that  the  scattered  light  always  arose  from  bus- 
pDiided  parlitJes ;  and  the  fact  that  the  removal  of  these 
abolished  simultoDeoualy  tbo  p>)wer  of  scattering  light 
■wl  of  originaling  life,  obviously  dtitncbed  tbo  lifo-ongi- 
aaUng  power  frotn  ibe  air,  and  fixed  it  on  something  sua- 
peodnd  in  the  air.  Gases  of  all  kinds  passed  with  freedom 
ihrongb  the  plug  of  ootton-wool;  hence  the  thing  wtio«e 
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mnoval  by  tbe  cotton-wool  leodcrod  Uie  gns  impoUitt, 
could  not  itself  have  bcfiii  mutt«i  in  th«  gsMeoun  coiuliUoa. 
U  Kt  once  occurred  to  me  tlint  Uio  naina,  proU'Ctctl  as  it 
wiu,  in  UieM  experinoeatd,  from  all  cstmneoiut  Uglit^^ 
miglit  be  <!onveTtod  into  a  new  and  powerful  instrument 
of  dtitunnstraUon  in  relation  to  the  genn  thoorj. 

fiut  the  ohscrvationB  also  revculvd  the  danger  incurred 
ia  experiments  of  this  nature ;  showing  that  without  an 
at  of  care  far  beyond  that  hitherto  b<»it«wed  upoD 
beOi  Biich  experiments  K-ft  tlio  door  open  to  errors  ol 
tho  gravest  detcription.  It  wsls  aipccially  manifeet  thi 
the  clicroical  method  employed  by  Schults  tn  liia  experi- 
ata,  iLud  so  often  resorted  to  since,  might  lead  to  the 
errODeous  consuquencea ;  that  neither  acids  nor 
lies  bad  tbe  power  of  rapid  dcstniction  hitherto  a»* 
''nibed  to  them.  In  short,  the  empleymeot  of  tlie  lumin- 
ous beam  rendcrwl  evident  the  cause  of  suocess  in  experi- 
menUt  rigidly  conducted  like  thoae  ofPaeteur;  while  it 
made  equally  evident  tJio  certainty  of  foilore  in  experi- 
Bcnti  lew  Krerely  and  less  skilfully  carried  out. 

/>r.  BenneWs  Experiments. 

fiut  I  do  not  wish  to  Inaro  an  at«'.rtion  of  this  kind 
mtboat  illti«tni(ion.  Take,  then,  the  wellnionccirod 
lezperimmls  of  Dr.  Hugbes  Bennett,  described  before  the 
f-Bopi  Society  of  Surgeons  In  Edinlmrgfa  on  January  17, 
1868.'  Into  flasks  containing  decoctions  of  Uquorlee-roet, 
hay,  or  t«a.  Dr.  Dennett,  by  an  ingenious  method,  fore 
air.  The  air  was  driven  through  two  U-tubes,  the  on 
ooalatning  a  solution  of  caustic  potash,  the  other  eulphuric 
ri4.  '  All  the  bent  tul««  Were  filled  with  fragments  of 
InMttone  to  break  up  tbe  air,  so  aa  to  prevent  tbe 
•ikiiity  of  any  germs  passing  through  in  tlw  centre  of 
'VlbUas.'  The  air  also  pu»cd  through  a  I.iebig't  bulb 
■  •  Btn!>li  Uidknl  JmnwI.'  13,  |X.  ii.  ISBS. 
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containiBg  Bulphurie  neid,  and  also  tlirougfa  a  liulli  oin> 
taining  gtin  -o^tton. 

U  wan  oaXj  nataral  fnr  Dr.  Bennett  to  believe  that  bis 
» bent  tubes'  (entirely  cut  off  the  genns.     Previous  to  the ' 
o1»erration>i  just   referred   to,  1  also   beliered  in   tlieirl 
efficacy.     But  time  oboerrations  destroy  any  tiuch  notion. ' 
Tbe  gim-cotton,  moreover,  will  fail  to  arront  the  whole  of ' 
llic  floating  matter  unless  it  ts  tightly  packed,  and  there 
is  no  indication  in  Dr.  Bennett'ii  memoir  that  it  was  eo 
packed.     On  tlie  whole,  I  should  infer,  &om  tbc^  mere  ^i 
inspeotioD  of  Dr.  Bennett's  appaimtus,  the  very  r«.'«ult«H^ 
which  lie  has  described — a  retardation  of  tb«  d<!V<»lo[>> 
mont  of  life,  a  total  abscnn;  of  fl  In  some  caae»,  and  its  ^ 
prMcoce  Id  ollicm.  H^ 

In  his  first  serie*  of  experiments,  eight  Basks  were  fed 
with  his  sifted  air,  and  five  with  common  air.  In  ten  or 
twelve  days  alt  the  6va  had  fungi  iu  them ;  whilst  it  re- 
quired from  fuiir  to  nine  months  to  develop  fungi  in  the 
others.  In  one  of  tho  eigbl>  moreover,  even  after  this 
interval  no  (\mgi  appearod.  In  u  «ecoud  mrim  of  ex- 
periments tliere  wns  a  similar  esceptjon.  In  a  thud 
series  the  cork  stopper*  nM,-d  En  tlte  first  and  second 
series  were  abandoned,  and  glass  stoppers  employed. 
Flasks  containing  decoctions  of  t€«,  beef,  and  hay  were 
filled  with  common  air,  and  other  flasks  with  sifted  fur. 
In  every  one  of  tlie  former  fungi  appeared  and  in  not 
one  of  tl>e  tatter.  These  experiments  simply  ruin  thf] 
doctrine  that  Dr.  Bennett  finally  espouses. 

In  all  these  ncgativo  cases,  the  prepared  air  was  forced  1 
into  UiR  infusion  wh<«n  it  was  boiling  bot>  Dr.  Bennett 
nuule  a  fourth  series  of  experimfnts,  in  which,  prcviotts  to  ] 
forcing  iu  the  air,  he  permitted  the  fWks  to  oool.  Intnj 
four  bottles  thus  treated  he  forced  prepared  air,  and  after! 
&  time  found  fungi  in  nil  of  them.  What  is  his  conclti-1 
sinn?     Not  thiit  the  trailing  hot  liquid,  employed  in  hiad 
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fitst  esprrimcnU,  luul  dMtxoyed  such  genns  as  bad  run 
tbo  gvuDllct  of  bis  nppanitus:  but  that  air  which,  pr^ 
rious  u>  Itt-ing  »ealed  up,  had  betin  ciposud  U>  a  t«iDpora- 
tunof  212°,  i«  too  rare  to  tnipport  lift!  This  ondiuriou  U 
ao  remarkablB  tlint  it  ought  to  bo  stated  in  Dr.  U«nneti'a 
own  wonltt.  '  It  may  be  <uuily  coiK'<:rived  that  air  sub- 
joclni  to  a  boiling  tcmixsratiirf-  iit  bo  fxpandcd  a*  ecurccly 
tu  merit  the  uame  of  air,  and  that  it  is  mora  or  1('m  unRt 
for  the  purpose  of  sustaining  ammnl  or  vegetable  life.' 

Now  numerical  data  arc  atliiiiiablo  herp,  and  as  a 
natter  of  fhct  I  lire  and  floiu'isb  fur  a  considerable  por- 
tion of  each  jcar  in  a  ii]«(Hiirn  of  Icm  dtntttity  tlian  Uiat 
which  Dr.  Ik-nnett  descritea  as  acarci-ly  meriting  the  name 
of  air.  The  inbabitanta  of  the  higher  Alpine  cb&let«,  with 
tiwir  Bocks  and  herds,  and  the  grasses  which  support  these, 
do  the  fKtne ;  while  tlie  chamois  rears  it«  kids  in  air  rarer 
still.  Ituvct  life,  tnoreovcr,  is  sometimes  cxbibitfd  with 
iDonttratM  prodigality  at  Alpin«  beig1it«. 

In  a  fifUi  series  of  ^xperimttnla  tiixiKn  botUes  were 
flllcd  with  infusioDR.  Into  four  of  them,  whilu  eold,  or- 
dinarjr  nnbeated  and  unsifted  air  was  piimpt-d.  Id  theaa 
four  bottles  (tmgi  were  developed.  Into  four  other  bottles, 
cont&ioing  a  boiling  infusion,  ordinary  air  was  also  pumped 
— no  fitngi  wi-re  bi-rc  developed.  Into  fimr  oilier  bottles 
eontajitiiig  an  iufuHton  which  had  )>eeu  bciled  and  per- 
mitted to  cool,  sifted  air  wsa  pumped — no  fungi  wero 
developed.  Finally,  Eoto  fourbottlcscontnining  a  boiling 
tnfujiinn  aifii-d  air  was  pumped— no  fungi  wcr'  developed. 
Only,  therefore,  in  th«  four  cases  where  the  infuiiions  w«rc 
ould  infusious,  and  the  air  orilinary  air,  did  ftmgi  appear. 

Dr.  Bennett  does  not  draw  from  bis  experiments  the 
oaodaaion  to  which  they  so  obWously  point.  On  tliem, 
on  the  oontmry,  ho  found«  a  defei>M  of  the  doctrine  of 
qx)ot«iKwu«  generation,  and  a  general  tlieory  of  sponta- 
MDOS  dwulnpmeDt.     So  strongly  was  he  impressed  witli 
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the  idea  that  Uw  gems  could  itot  poadblj  paa  throogh      ■ 
his  poluli  and  sulphuric  acid  tubes,  that  the  appear&nco  H 
uf  fungi,  even  in  a  small  minority  of  cases,  wlier«  Uie  air  ~ 
had  been  sent  through  th«ee  tubes,  was  to  him  concIostTe 
evidence  of  the  epootaneous  origin  of  such  ftmgi.     Aod 
he  avoiiunttt  for  Utc  absence  uf  life  in  many  of  hi«  ««peri- 
menUt  by  an  hypotliMis  which  will  not  bear  a  moment's 
examination.     But,  knowing  that  organic  particles  may 
paas  unscathed  through  alkalies  and  acidf,  the  results  of 
Dr.  Bennett  rnc  ptocitcly  what  ouj^ht  under  the  circum- 
slances  to  b«  expected.     Indeed,  their  harmony  willi  th« 
conditions  now  revealed  is  a  proof  of  Uic  honesty  and 
accuracy  with  which  they  were  executed. 

Tho  caution  cx<Tcis«d  by  Past«ur  both  in  the  exe- 
cution of  hiN  experiments,  and  in  tho  reasoning  based 
upon  tbem,  ie  perfectly  evident  to  thowe  who,  tbroU)^h  tJio 
pnicticc  of  severe  experimental  enquiry,  bavo  nriidorcd 
tbcinfelves  competent  bo  judgeof  good  experimental  work, 
lie  fuuud  genns  in  tlic  mercury  used  to  isolate  his  air. 
He  was  never  sure  that  lliey  did  not  cling  Ut  the  inEtm- 
ment<  be  employed,  or  to  his  own  person.    Thu»  when  ho 
opened  bis  hermetically  Be«led  flasks  upon  the  )ler  d« 
GUcc,  he  bad  his  eye  upon  t]ie  file  used  to  detacli  tba 
drawn-out  necks  of  his  bottk-s;  and  he  vras  caicftil  bo  stand 
to  leeward  when  cacti  lliuk  vox  npi-ntrtl.  tlKing  these  procotH 
tious,  he  found  the  glacier  air  incompetent,  in  uinrtccn 
cases  out  of  twenty,  to  generate  life ;  while  similar  flaaks^HJ 
■■[lened  amid  the  vcgi'tation  of  the  lowlands,  were  bouo^ 
crowded  with  living  thing*.     M.  Pouchrt  repeated  Fa»-     i 
teur'fl  experiments  in  the  Pyrvncc*,  aitoptioj;  the  prema^| 
tion  of  holding  his  flanks  above  his  boid,  and  obtaining^? 
a  different  reenilt.     Now  great  care  wotdd  bo  needed  to 
render  this  procedure  a  real  pr«caution.     The  luminous 
beam  at  once  shows  us  its  possible  effect.     Let  Hmoking 
brown   papor  bo  placed  at  the  open  mouth  of  a 
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■hode,  M  tiiat  tbo  etnoke  eball  ssoend  aod  fill  Ui«  Bhade.. 
A  iMAtn  Mflt  through  tho  ehade  fonns  ft  btight 
through  Uie  tmoke-  ^^Iicd  (Jwcloecd  fiet  is  placed  under 
neath  tlie  shade,  a  Terticul  wind  of  surprising  riolencef 
eonstderinii;  the  stDall  elevation  of  l£mpciatiijv,  ii«i^«  ft>3in 
the  hatul,  disptociug  hy  oomparatively  dark  air  llu:  illuini-J 
utitj>]  Hookc  Unlets  fpccinl  caro  were  taken  such  a  wind 
vould  rise  from  M.  Pouchct's  bodv  m  ho  held  hia  Hasks 
«bo«e  hi*  head,  aud  iJiiu  tho  precaution  of  PaMtcur,  of  not 
ooming  between  the  wind  and  the  flaak,  would  be  anntiUvd. 

Let  me  now  direct  attention   to  another   result   of 
I^ateur,  the  cause  and  Bignificanoe  of  which  are  at  once 
Mrrcolcd  bjthe  luminous  bmm.     Kc  prepared  twenty-one 
flanks,  each  containing  a  decoction  of  yt^ast,  filCcrc<l  and 
clear,     llo  boiled  tite  decoction  so  as  to  destroy  what*] 
over  g«nns  it  might  contain,  and,  wliile  the  space  above] 
the  liquid  wa»  filled  with  pure  Rtcam,  he  sealed  bis  flasks  ' 
with  a  blow-pipe.     Kc  opcnr^  ten  of  them  in  the  deep, 
damp  cnves  of  tb«  Paris  ObterratMy,  and  eleven  of  (hem 
in   the  courtyard  of  the  establisbmenL     Of  tlie  former, 
ooe  only  showed  signs  of  life  subsequently.     In  nine  out 
of  the  ten  flasks  no  organisms  of  any  kind  were  deve- 
loped.    In  all  the  others  organinms  9p<;edily  apjieartid. 

Now  here  is  an  experiment  conducted  in  Paris,  on 
which  we  cAO  tlirow  obvious  light  in  London.  Causing 
iiitr  luminous  beam  to  pass  Uiroiigh  a  largo  flask  filled  with' 
the  air  of  this  room,  and  charged  with  its  germs  and  ita 
dust,  the  beam  is  nn^ti  orojsing  the  Bask  from  side  to  side 
Bat  here  is  another  Himiliur  flask,  which  cuts  a  clear  gap 
out  of  tho  bcttm.  It  is  filled  with  unjiltered  air,  snd  still 
an  ince  of  Uie  Iwam  is  visihio.  Vr'by  ?  By  pure  accident 
f  stnrnblcd  on  this  flask  in  ouruppiual  lu  room,  where  it  had  ' 
-(■nuiined  quiet  for  some  time.  Acting  upon  this  obvious 
N^^eitioa  I  set  atUh-  three  Other  flasks,  filled,  in  1hii  first 
iB^ince,  with  mote-lUlcd  air.     Tbey  are  u-.  w  optically 
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empty.  Our  formfir  niperimeDta  proved  that  th«  Ufe- 
pnxluciiig  particles  attach  themselves  to  the  fihrea  of 
ei>t*j>n>wool.  In  tlie  present  experiment  thv  motoe  have 
been  hruiiglit  hy  gcnUtt  nir-ciirr«i)t*,  mtAbliKbeil  by  riight 
diffurciiccs  of  t^rmpcntture  williiii  our  c\awA  vcmwIh,  into 
contact  with  t)i»  Interior  anrfoce,  to  which  they  adhere. 
The  air  »f  th««e  Basks  has  deposited  itA  dust,  germa  and 
all,  and  is  practically  fioc  from  enapendcd  matter. 

I  had  a  chamber  erviHcd,  the  loner  half  nf  nhiclt  ii 
of  wood,  its  upper  Italf  being  eneloxed  by  four  g:lazcd 
window-firameB.  It  tnpera  to  a  trunoated  cone  at  the  top 
It  mcaourea  in  plan  3  fl.  by  2  ft.  6  in.,  aiHl  Ha  height 
is  5  ft.  10  in.  On  February  6  it  «&a  clowd,  every 
crevioo  that  <-ould  adDiit  dtint,  or  enii»e  dtfplwemrnt  ot- 
tiiR  uir,  being  carefully  pasted  over  with  paper.  The 
elecUic  be«m  at  first  revealed  the  duat  within  the  cham- 
ber ai  it  did  in  the  air  of  the  laboratory.  The  chamber 
wa«  <-xaminod  almoot  daily ;  m  perceptible  diminution  oi 
the  floating  m&tter  being  nottcMl  as  time  adrauoed.  At 
tJie  end  of  «  week  the  chamber  was  optically  empt^,  exhi- 
biting QO  trace  of  matter  competent  to  tcsttcr  tho  ligbl* 
Such  must  have  been  Uie  cn«  in  the  stagnant  cavet  of  the 
Pkri«  OWrvatory.  'Vi'en  our  electric  beom  sent  ihrou^ 
the  air  of  these  cares  it«  track  would  be  invisible;  thiu 
showing  tlie  indiraoiuble  a«oointion  of  the  scattering  of 
liglit  by  ail'  and  its  power  to  genemte  life. 

I  will  now  turn  to  what  seems  to  me  a  more  intertMl- 
ing  application  of  the  luminous  beam  than  any  hitherto 
described.  My  refercntxi  to  Fn>fi.-«or  Lifter's  interpretation 
of  thn  &ct,  that  air  which  has  pattiwd  through  the  Itmgs 
cannot  produce  putrefaction,  is  fresh  in  your  m<!mi>rie*. 
'  Why  air,' said  he,  'introduced  into  the  pleural  cavity, 
through  a  wounded  lung,  Bhould  have  such  wholly  different 
effects  from  that  entttring  llinm^h  a  pcrmaneutly  open 
wound,  penetrating  from  withoiU,  was  to  m«  a  completo 
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mvitery,  till  I  heard  of  Utn  germ  tlivioiy  of  puLrefftdion, 
when  it  at  oacts  occurred  to  me  tliat  it  «m  only  natural 
tbftt  the  air  ahoiild  be  filt«red  of  germa  by  the  air-jiawage!!, 
one  of  wtiowe  offices  ia  to  arreet  inhaled  particles  of  dust, 
■od  prevent  tbem  (lom  enteriof;  the  air-celU.' 

Here  ia  a  surmiso  which  bcftn  Ui«  ctuinp  of  gi-nius,  btit 
vhieb  Dc«d<  verlScatioa.  If,  for  tbe  words  '  it  in  only 
iMtmiil'  wo  were  authorised  to  write  *it  is  perfectly  Mr- 
tain,'  the  demoiultstioQ  would  be  complete.  Such  de- 
nomtratioa  is  fiimiahed  by  cxpcrimGnts  with  u  l<cum  of 
li^iL  Odo  evening,  toward*  tlio  cloite  of  1869,  while 
ponriiig  varioiB  pure  gaaes  across  the  dusty  track  of  a 
Inmiaoiic  beam,  the  thought  oecurred  to  toe  of  using  my 
bnatb  instead  of  the  gases.  I  then  noticed,  for  the  first 
timet  the  extraordinary  darkness  produced  by  the  expired 
air,  towarda  ilu  ewl  0/  tlie  expiration.  Pc^rmit  me  to  re- 
peat tJte  experiment  in  your  presence.  I  fill  my  lungs  with 
ordinary  air  aud  breathe  through  a  glass  tube  across  tlie 
beam.  Hie  voudcnsatiun  uf  the  aciucoiu  vapour  of  the 
braUh  iii  shown  by  Uio  furmation  of  a  iuiniuouii  white  cloud 
t4  delicate  texture.  We  abolish  this  cloud  by  drying  the 
linttlb  previous  to  its  entering  the  beam ;  or,  stilt  more 
simpty,  by  warming  the  glost  tube.  The  luminous  track  of 
Ibe  beam  ia  for  a  tim^  unintermpted  by  Uie  brc^ath,  because 
the  dust  returning  from  the  lungs  makes  good,  in  great 
part,  the  particles  displaced.  After  a  time,  however,  an 
obwnire  disk  appears  in  the  beam,  the  darkness  of  which 
increaaes,  until  tiiudly,  towards  the  cud  of  the  expiration, 
tb«  bean  is,  as  it  were,  pierced  1^  an  intensely  black 
bvle,  io  which  no  particles  whatever  can  be  discerned. 
Thu  deeper  air  of  tho  lungs  is  thus  proved  to  be  alwoluteiy 
free  firom  suspeu-lcd  nmtL4:r.  It  is  UieriTfore  in  the  precieo 
condition  roquirMl  by  Professor  Lister's  explnnation. 
Tliii  exiieriroent  may  be  repeated  any  number  of  times 
nith  the  somo  reault.     I  tliiiik  it  must  be  regarded  as  a 
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piece  of  wiAatee  boUi  of  the  oonvctncM 
PtofeeKtr  Lister'*  nem  and  of  the  impoteocc,  na 
ntal  dcTciopmcnt,  of  ojAjcally  pure  Kir.' 


AfftietUiim  of  Luntinotu  Beams  to  Water. 

The  mathod  of  wcamiiwtioa  bare  panned  is  aha  ap; 
table  to  water.    It  is  in  aome  mue  complemetitary 
Ui«t  of  Uto  miopoBoopB,  uid  nuy,  I  think,  materially  aid 
ooqamt*  oxMltM-trd   with   that   inrtnuncnt.     In 
KOpic  tsatniuatiun  attcjiUun  ic  directed  to  a  «mall  {>(>Ttiii 
of  the  liquid,  and  the  aim  is  to  deteot  the  in^vidual 
cnspooded  purticle*.      Bj  th«  preMtiit  metliod  a  1 
portion  of  the  liquid  is  illuminated,  iUi  general  conditio 
being  rereoledf  by  the  scattered   light     Care  is  tak< 
to  defend  the  eye  fixnn  the  access  of  nil  other  light.,  an< 
thus  dcAnded,  it  beeomct  an  organ  of  inconooivabic  deli' 
mej.    Indeed,  an  amount  of  impurity  no  infinitesimal  as 
to  be  scarcely  expresdble  in  oambem,  and  lite  inilividual 
pBrtides  of  which  are  ao  small  as  wholly  to  elude  tin 
microeoope,  may,  when  examined  by  the  method  alludn 
to,  produce  not  only  ieosiblc  btit  striking,  efifocta  apon' 
the  eye. 

Vo  will  apply  the  method,  in  the  first  place,  to  an 
experiment  of  SI.  Pouehet  intended  (o  prove  concloeively 
that  animalcular  life  is  developed  in  canes  where  no  ante- 
eedeot  genus  could  possibly  ezist  He  pruduet^  water 
from  the  oombu«tioii  of  hydrogen  in  air,  justly  ar^j^uing 
tlial  no  germ  could  survive  the  heat  of  a  bydrO| 
flame.  But  he  overlooked  the  (act  that  his  aqueous  vapoi 
was  condensed  in  the  air,  and  was  allowed  as  water  ' 
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*  Or.  B«dan  Suilanon  dnwi  •U«atktt  lo  tk*  inporUnt  olwrmUi 
of  Bnwn,  whkli  Bbovi  thsi  Uw  enitigivni  of  >  {msBsM  MJouU.  miSMi 
bvin  i^otle  flttw,  la  Mil  fimnd  <n  the  bloud  or  tW  ri*(uti ;  tha  plnnniaJ 
apfwaUw  Mtisg  u  A  tlUr.  s»l  boldii^  batk  lb*  iabcUn  puUiili*. 
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tiicklv  through  tbe  air.  Indeed  the  fizperlmeut  i»  one  o( 
■  Enunber  by  which  workers  like  M.  Poucbet  are  diffomn- 
tiLiteii  from  workers  like  t'lutcur.  I  will  show  you  ftomc 
water,  pruiluccd  by  Mlluiritig  a  hydr<>gro  flame  to  play 
upon  a  poli«h«d  Bilver  cmndenser,  formed  by  the  bottom  of 
a  nlvvr  Lo-itn,  coatuiniDg  ice.  The  coUisitvd  liquid  is 
prlhicid  io  the  common  tight;  but  in  tlie  coudvtiscd 
clrcUic  beam  it  u  acco  to  be  laden  with  pattidee,  so  tbick- 
BtrewQ  and  minute  as  to  proditM  a  continuous  luminoTis 
eoDf-  In  pasting  through  the  air  tbe  water  luiidrd  ittwlf 
with  this  matter;  and  the  deportment  of  Huoh  water 
coojd  obrioaely  have  no  influence  in  deciding  this  great 
<|tKstiQa. 

We  an:  invaded  with  dirt  not  only  in  the  air  we 
braathe,  but  in  the  water  we  drink.  To  prove  tiiU  I  take 
the  battle  of  water  intended  to  quencli  your  Iveturcr'a 
Ibimt;  which,  in  tbe  track  of  the  beam,  nimply  reveals 
itself  u  dirty  water.  And  this  water  is  no  worcc  thim 
tlifi  other  London  waters.  Thanks  to  the  kiudnctxs  of 
Professor  Fraokland,  I  have  boon  furnished  with  speci- 
meoa  of  th«  water  of  night  London  companies.  Thc^  are 
all  laden  with  impurities  mechanically  suspended.  But 
}»u  will  uk  wlit^tlior  Glleriug  will  not  remove  tbe  8ii8> 
prDilod  matter?  The  grower  matter,  undoubtedly,  but 
not  the  more  finely  divided  matter.  Water  may  be 
pMScd  any  number  of  times  through  bibulous  paper,  it 
will  oonlintio  laden  with  fine  mutter.  Water  passed 
tfaioug]!  thn  cban-oal  filter  of  Lipscomb's,  or  through  (he 
filter*  of  the  SiUcaLc<l  Carbon  Company,  has  its  gTASuter 
mattes  removed,  but  it  is  thick  with  fine  matter.  Nine- 
tenths  of  the  li^bt  seattcred  by  these  suapended  particles^ 
is  perfectly  polnriMd  in  n  direction  at  right  angles  to  tfc 
benm,  and  this  reh-iuw  of  the  particles  from  the  ordinary 
law  of  polarisalioD  i<  a  demoiuttmlion  »f  their  Emidlness. 
I  should  nay  by  f&r  the  greater  number  of  the  particles 
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concenMxl  in  Ibi*  scattering  are  wlioH;  beyond  thi;  nui^ 
of  the  mic-ruteope.  anil  no  ordinary  filter  can  int^Fcc| 
Kueh   particlea.     It  is  next  to   impoeaible,  by  artitii^ial 
meaUB,  to  produce  n  pure  water.     iU.  Uaitlcy,  for  exam-^ 
plo,  »omo  (itnu  a|^  distilled  walcr  wliilc  it  wiu  BurrouDd«(tl 
by  byflrogcD,  but  the  wftt«r  in^a  nut  free  (rom  floating 
matter.     It  is  so  baid  to  be  clean  in  the  midtit  of  diit.^ 
In  vrater  bom  tbe  Liako  of  Geoeva,  whicii  bas  remainedfl 
long  witbotit  being  stirrc-d,  wo  have  an  appr^ucli  to  tha 
puro  liquid.   1  have  a  boUlc  of  it  Iwrc,  whicli  was  carefully 
tUlod  for  mc  by   my  dirUuguislied  fritix)  Surct      Tho 
trade  of  tbe  beam  tlirougfb  it  is  of  a  delicat«  »ky-bK 
llkore  is  scarcely  a  tj^c«  of  grosser  matter. 

The  purest  watertbatl  have  seen — probably  thepii 
w^ich  has  been  even  bitbvTt<i — hat  been  obtained  from 
ifuMion  of tolectcil  upvciineiM  of  iov.   But  GxtraordiDory  pre^ 
Ittaulions  are  required  to   obtain  thi«   degree  of  purity. 
The  following  apparatint  ban  been  dcrised  and  construct 
by  my  asuatant  for  this  purpow,':  Tliroiigh  tin-  plate 
an  air-pnmp  passea  the  slmok  of  a  lurgn  funnel,  nttaeliii 
to  which  below  tlie  plate  is  a  dean  glaaa  bulb.     la 
funnel  is  placed  n  block  of  the  most  tnoeparent  ice,  aoc 
over  tile  fimtiel  it  gla»i  receiver.     This  is  first  exhaus 
and  ^<^lllh^d  tewral  times  with  air,  filtered  by  itd 
through  cotton-wooU  the  ice  being  tlitu  tiirrounded  by 
pure  moteless  air.     But  the  ice  haa  prerioinly  been 
contact  with  mote-filled  air;  it  i«  therefore  neoesary 
let  it  wnfih  its  ovm  surface,  and  also  to  wash  the  hajS" 
which  is  to  receive  tbe  water  of  liquefaction.     The  ice  is. 
permitted  to  raelt,  tlte  bulb  is  filletl  and  emptied  f«vc 
timen,  until  fiually  the  large  block  dwindles  to  n  tnnat 
ene.     We  may  be  suro  that  all  imparity  has  been  the 
removed  from  the  surface  of  the  ice.    Tbe  water  oblaiue 
in  this  way  is   the   pvircjtt   hitherto   obtained.     Still 
should    licaitate    to    call    It    absolutely    pure.      WI 
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cMidcQacil  light  is  eent  through  it,  the  track  of  the  beam 
b  nut  itiTi^iblc,  but  of  tlie  most  0x1)11  isilely  delicate  blue, 
Tlii<  blu«  is  purer  than  tliat  of  thi:  nk^,  *mi  tliut  the  mmttcr 
which  produces  it  raiuA  he  6ubr  Uian  that  of  the.  sky.  It 
nay  be,  and  indeed  has  been,  contended  that  this  blue 
U  Rattered  I7  the  verr  molecules  of  the  wster,  and  not  by 
natter  fuependod  in  the  vater.  But  wben  we  rcmembet 
that  tliU  perfection  of  Uuo  t»  a{>prt>BoU(^  ^tadually 
tlimigh  stages  of  k«8  perfect  blue ;  and  wlieu  we  con- 
lider  that  a  blue  in  all  r«Bpcots  nimilar  is  demonetrably 
ofalBiDBble  from  particles  mechamcally  eu^pcnded,  we 
ihnM  hesitate,  I  think,  to  conclude  tliat  we  bare  arrived 
bete  at  Utc  but  liagu  of  purification.  The  evidence,  I 
tlunk,  poinU  distinctly  to  the  oonclnsion  that  could  we 
podi  tlu)  proceds  of  purification  stUl  ^rtber,  even  this 
lut  delicate  trace  of  blue  would  disiippear. 

CkaUc-wcUfr.     Clark's  So/teninff  Prwxtn. 

But  is  it  not  pOMible  to  match  the  water  of  the  I^ake 
of  Geneva  here  in  England  ?  Undoubtedly  it  is.  We 
have  in  En));Iand  a  tcind  of  rock  which  cons^titut«s  at  once 
la  eiceedingly  clean  recipient  and  a  natural  filter,  and 
fnm  which  we  can  obtain  water  extremely  froo  &om  me- 
tbuical  impurities.  I  refer  to  the  chalk  formation,  in 
which  large  quanUtii-a  of  water  arc  Iwld  in  store.  Our 
chalk  hilU  are  in  moat  cues  covered  witli  tJiin  layers  of 
mH,  and  with  very  scan^r  vegetation.  Neither  opposes 
mncb  obstacle  to  the  entry  of  the  rain  into  ihc  chalk, 
where  any  organic  impurity  which  the  water  may  carry 
In  i«  KMD  oxidised  and  rencI«rod  hannlua.  Tlioso  who 
haw  scampered  like  myself  over  the  downs  of  Hants  and 
Willa  will  remember  the  scarcity  of  water  in  these  regions, 
lu  fact,  tliH  rainfall^  instead  of  wasliing  the  lurfoeo  and 
cuUeeling  in  Btreoms,  sinks  into  the  tiseured  cbalk  and 
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percolator  through  it.  When  tbia  fonnation  ia  sulta 
tapp«d,  we  obt«iD  water  of  exc(tc<1ing  brlekn«es  and 
purity.  A  laigc  glass  g'o^  iiltcd  with  the  wKtor  of  a 
wi'-ll  near  Tring  «how«  it«lf  to  be  wuDdRrfuIljr 
rrom  roechauic'il  impurity.  Indeed,  it  »1unds  to 
thai  water  wholly  with^lrawD  from  surface  contaminatioi 
and  perooUtinK  through  so  cloao  a  subetaocc,  abonld 
pure.  It  has  bem  a  subject  much  dcbat4Nl,  whether  tba 
supply  of  cxocllciit  water  which  tlie  chalk  btdds  io  st< 
could  not  be  rendered  available  for  London.  Many 
the  mo»t  eminent  raginecrs  and  chemists  have  ardenttj 
recommended  this  source,  and  have  sought  to  show, 
only  that  its  purity  i»  unrivalled,  but  that  its  (jiuntity 
practically  iucxhaostible.  Data  sufficient  to  test  ihiti  urc 
now,  I  believe,  in  extstenoe ;  the  number  of  wells  sunk  in 
the  dialk  being  so  considonblc,  and  the  quantity  of  water 
which  th<!y  yield  »o  well  known. 

But  this  water,  bo  admirable  aa  regards  freedom  from 
meclkanical  impurity,  labours  under  tho  disadvantage 
licing  rendered  very  hard  by  tbe  carbonate  of  Uma  whii 
it  holds  in  solution.  The  chalk-wat«r  in  tho  nvigbbour- 
bood  of  Watford  contain*  about  M!vent««n  grains  of  car- 
bonate of  lime  per  gallon.  This,  in  the  old  t«nni»nlogy. 
uaed  to  be  called  seventeen  degrees  of  bardnesii.  No' 
this  hard  water  is  bad  for  tea,  bod  for  washing ;  and  it  fi 
our  boilvrv,  because  tlie  lime  held  in  solution  is  precipi 
tated  by  boiling.  If  the  water  be  used  cold,  ita  lisrdoem 
must  be  neutralised  at  tlie  ezpeaso  of  wap,  bnforc  it  wi! 
give  a  lather.  Theae  are  Rcriuun  objections  to  the  um 
chalk-watar  in  London.  But  they  are  sucooesfully  met 
thcdcmonftrnlion  that  such  water  can  be  softened  inexpen- 
sively, and  on  n  grand  scale.  I  had  long  known  the  method 
of  softening  water  called  Clark's  process,  but  not  until 
recently,  under  the  guidance  of  Mr.  Homprsham,  did  ! 
see  proof  of  its  larger  a|:^Ueabions.     The  dial 
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■oftenMl  for  tbe  duppl^r  of  the  city  uf  Cnnlvrbury  ;  nnd  at 
UlD  Chiltvrn  Ilills  it  ia  Mflened  for  the  mpply  of  Tring 
and  Aylittliurj.     CKteifanni  also  enjoye  the  luxury. 

I  have  viliitcd  all  tlicm  pliices,  and  made  myst^lf 
uquaiuted  witb  the  w<i[l{)i.  At  Cuotvrbiuy  there  are 
three  leeervoirs  covered  iu  aod  prott^-t^d,  by  a  concrote 
roof  and  layers  of  pebbleH,  both  from  tbe  summer*  b«at 
aad  tlie  vnatrr's  cold.  Kach  rcscrrotr  can  bold  120,000 
galloiu  nf  w»t<T.  .AdJiLccnt  to  tb»c  reson'oin  are  otlieia 
contaiitiug  purr  A^ki-xi  limo — tlio  xo-calird  'vrcam  of 
Uioe.'  Tbeee  being  GUed  with  water,  Ute  Itme  and  water 
■IU  tlinrou(rbly  mixed  by  air  forced  iu  by  an  en^ane 
tliroii^b  aperture  in  tbe  bottom  of  tbe  reservoir.  The 
water  •nun  distolvcs  all  tlie  lime  it  is  capable  of  dis- 
solring.  Tlio  mechanically  suopcudcd  lim«  is  thru  ullow<-d 
to  nibdde  to  tbe  bottom,  K'aving  a  perfectly  tiamtpanint 
lime-water  behind. 

The  KifleoiDg  process  is  this :  Into  oae  of  tbe 
litapty  n^serroim  is  iutroduocd  a  ocrtaiu  quantity  of  the 
clear  lime-water,  and  an<tr  tbis  about  uine  times  tbe 
<ptantity  of  the  chalk-water.  The  tjansparency  imme- 
dialcly  difapp<-4ini — the  mizturu  of  the  two  cl»nr  liquids 
bMuioing  thickly  turbid,  through  tbe  prceipit»tion  of 
cubooate  of  lime.  The  precipitate  is  permitted  to  sub- 
side. It  is  crystalliiie  and  bcary,  and  in  about  twelve 
baun  a  Uyt-r  of  pure  whito  carbonate  of  lime  is  formed 
U  the  l»tt<jm  of  Ut(«  r<-6or\'oir,  witii  a  water  of  eztra- 
imlfnary  beauty  and  purity  ovcrlxiad.  A  few  days  ago 
1  pitched  some  balfpenee  into  a  reservoir  sixteen  feet 
duDp  at  iJie  Chilu-ni  IUUh.  This  depth  hardly  dimmed 
Um  aoin.  Ilud  I  cMt  iu  a  pin,  it  could  have  been  eeoo  at 
th«  bottom.  By  tfai*  pnicRM  of  softening,  tbe  water  fs 
reduoMl  from  aI>out  thrveuteen  degrees  of  bardnms,  to 
lltfwe  decrees  of  hnriln^a.  It  yields  a  lather  immvdiatoly. 
Ita  temperattuc  is  constant  throughout  the  year.     In  the 
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^]Kitt«t  Bummer  it  ia  coot,  iU  temperature  iNHng  twent 
degrees  above  the  frcesing  point ;  and  it  does  not 
in  winter  if  coDvej^ed   in   proper  pipes.     The  reeervoi 

■are  ooverod ;  a  leaf  cannot  blov  into  thttm,  and  no  euria 
oontamination  can  reach  Uie  water.     It  powm  direct  fma 
the  main  into  the  houae  tap ;  no  cisterns  are  employ 

•  and  tlio  eiipplv  is  always  &e&h  and  pure.  This  is  th 
kind  of  wHter  whioh  Is  supplied  to  the  fortunate  ptMpW  i 
Triog,  Caterham,  and  Cuot^rbur;. 


TIm  {(tngcaag  article,  as  far  ai  it  relates  tn  the  theei 
which  aacribea  epidemle  diseaw)  to  the   dofvlopntcut 
low  parasilio  life  within  the  human  life,  waa  embodied 
a  diaeoiu^e  delirered   before   tlie   Rojal   InbtituUoa 
January  1670,     In  June  1871,  a(t«r  a  brief  referenoa 
the   polarisation  of  ttgbt  hj  cloudy  matter,  I    vcntu: 
to  rrcur   to   the   niibject  in  titMe  tenru :    What  is 
practical  usee  of  tlKse  ouiiosities?     If  we   esclitdo  tli 
interest  attached  to  the  observation  of  new  fact«,  and  tin 
«nl)ancement  of  that  interest  throngh  the  knowled;^  thai 
facta  of^en  breomc  the  cxpoiii^nls  of  lawK,  t)ie«c  riirionli 
are  in  thonuelvnt  worth  little.     They  will  nut  enable  w 
to  add  to  our  stock  of  food,  or  drink,  or  clothef,  or  jewel- 
lery.    But  though  tJius  shorn  of  all  usefulness  in  then- 
selves,  they  may,  by  carrying  thouf^bt  into  plac«a  which  it 
would  not  otherwise  liave  entered,  become  the  anteondcnls 
of  praetical  consequences.     In  lookin^r,  for  example,  st 
our  illuminated  dust,  we  may  ask  ourselvc*  what  it 
How  doea  it  act,  n^t  upon  a  beam  of  light,  but  upon 
own  organ iMitioiia  f    The  'lucntton  then  aH!iiuni-s  a 
ticiil  character.     We  find  on  examination  that  thi»  duit 
is  organic  matter — in  pait  living,  in  part.  dead.    Then 
are  among  it  particles  of  ground  tiriiw,  loni  rags,  stnol 
t)ie  pollen  of  flowers,  the  Rpores  of  fungi,  and  the 
of  otlier   Ihlugs.     But  what  have  tliey   to  do  with  111 
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■nimal  economy  ?  Let  mo  give  you  an  illustraiioD  to 
-•bich  my  attention  boa  beeo  lately  drawD  by  Mr,  Geor)^ 
llcnrj  LvwM,  who  irritrs  to  mo  thiiii : 

'  I  with  to  dired.  your  ntUrntioD  to  Ihc  cipcrimenta  of 

VoB  Rc'cklingsbauReD   should  you  bappi-n  nut   to  know 

tbeoi.    They  are  etxikin);  coii6rmatioD8  of  what  you  My 

i^r  duf^t  bihI   diHcasp.     Lost  cpring,  when  I  was  at  hja 

laburktvi)'  in  Wiinburg,  I  vx»inin«d  with  bim  blood  tbat 

Iffld  been  tiuta  weoka,  a  montJi,  and  fiw  wcvks,  out  of 

the  txrdT,  preserved  in  little  poroebtiu  cups  under  |t:1aM 

ihaiita.    This  blood  was  tivin);  and  growing.     Not  only 

VRs  tko  Ama;ba>Iiko  movcmcnto  of  tlto  wbito  corpuscles 

pnwnt,  but  llicre  irtn  abundant  uvidenccf  of  the  growth 

xd  lievelopment  of  tlie  oorpusclfii.     I  alao  wiw  a   frog's 

Wrt  etill  puUating  which  had  been  removed  from  the 

body  ( I  forgot  bow  many  days,  but  certainly  more  than  a 

wrrk").     There  were  oUior  czumpli^  of  the  «imc  poreiEt«nt 

ritulity,   or  abiwnce   of   putrefaction.      Von    Itvoklinga- 

hauMru  did  not  attribute  this  to  the  absence  of  germs — 

gettaa  were  not  mentioned  by  him ;  but  when  I  atkcd  bim 

bow  be  rcprtcentcd  th«  thing  to  faimfclf,  be  said  th«  whola 

Biy*t<:T7  of  his  operation  consisted  ia  keeping  the  blood 

/rte  from  dirt.    The  instruments  employed  were  raised  to 

a  red  iimt  just  before  uso ;  the  thread  was  silver  thread  and 

WW  nmilaily  treotc^I ;  and  the  poioolain  cups,  though  not 

kept  frtT  from  nfr,  were-  kept  free  from  ctirrentK.  He  mid  he 

often  hiid  failure,  and  these  he  attributed  to  particles  of 

dust  having  escaped  his  precautions.' 

Profeajor  Lister,  who  has  foimded  upon  the  removal 
or  destmction  of  this  '  dirt '  grrat  und  numerous  impruve- 
ments in  vurgvry,  tvll*  us  thoefTectof  iU  introduction  into 
tho  Mtml  of  wouuds.  He  infonnii  lu  what  would  happen 
with  llie  extracted  blood  should  the  dust  ^et  at  it.  The 
blood  would  putrefy  and  become  fetid  ;  and  when  you 
cttmiai*  more  oloeely  what  pntrefaction  uivana,  yon  find 
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tliB  patrefying  anbrtanco  nrarming  with  nr^oii?  Ufei 
genxw  of  wbicL  bare  bran  derived  from  tbe  air. 

Ve  arc  now  aaBOcedl?  In  the  midst  of  practical  matun 
I  and  with  rour  pcnniisioa  I  will  refer  onov  more  to  a 
tioQ  which  has  rnoi-iiUy  oooiipied  a  good  doaJ  of  paU: 
attention.  As  r«^:aidt  the  lowest  forma  of  life,  tbe  vi 
is  divided,  and  baa  for  a  long  time  been  divided,  into 
partieSf  the  one  affirming  that  ve  have  only  to  su! 
absolutely  dead  matter  to  certain  phyiical  conditions, 
envolvc  from  it  living  things ;  tho  otbor  (wilhoul  wiflii 
to  Kct  bounda  to  Iho  power  of  matter)  afliruiing  that, 
our  da*ft  Ufa  hat  never  been  foond  to  riw  indcpcnd' 
of  pre-existing  life.  I  belong  to  the  party  wliirh  clatiM 
life  ail  a  derivative  of  Life.  The  question  has  two  raolors— 
the  evidence,  and  the  mind  that  judgee  of  the  evidence ; 
and  it  mpy  bo  purely  a  mcot«l  itct  or  biuo  on  my  pan 
that  causes  me  thraugliout  this  long  duictistiiuti,  to  *oe,  on 
tho  one  aide,  dubious  &et«  and  defective  logic,  and  od  lh« 
otJier  side  firm  reasoning  and  a  knowledge  of  what  rigid 
cipcrin>ental  eoqiury  demands.  But,  judged  of  piaciiealk, 
wliat,  Agnin,  has  the  iiucstioD  of  Spontaneous  Gcnorntioit 
to  do  with  lu  ?  lA't  us  sec.  There  are  numerous  diseosss 
of  men  and  animals  that  are  danooxtraMy  the  products  of 
pansitio  life,  and  such  diseases  may  take  the  m(K>t  tcvrrible 
epidemic  forms,  as  in  tho  case  of  the  silkworms  of  Fmuce 
in  our  day.  Now  it  is  in  the  highest  decree  importjuit 
tA  koow  whether  Uie  panuitea  in  tjuertion  arc  spoula- 
neousdy  developed,  or  are  wafted  from  without  to  tliiwe 
afflicted  with  the  disease.  The  means  of  prevention, 
not  of  cure,  vould  be  widely  differunt  in  Uh:  two  casnt. 

But  this  is  not  alb     fiesidee  these  universally  udmitt 
easeK,  there  is  the  broad  theory,  now  broached  and 
Krowiog  in  strength  and  clearness — daily,  indeed,  goloi 
more  and  more  of  assent  from  tho  most  successful  vntrk 
and  profound  thinkers  of  the  medical  profcsslcn  itaelf 
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rf,  aaoKlj,  tbat  contn^^iotu  (Jiicasp,  genaully,  ia  of 
iii<:chara«U;r.  Had  laiiy  vauM;  lorcf^rct  Imving 
:uc«d  thin  theorj  to  your  notioe  more  than  n  yvur  ugo, 
re^tt  should  now  be  expreseed.  I  would  ceriaiDly 
,oe  ia  your  prcst^ncc  whatever  leaning  towards  the 
theory  my  words  might  thin;  hav«  betrayed.  Uut 
the  time  refeired  to  I  liavv  beard  or  read  ooLbinK 
shakea  my  convictioii  of  tli«  truth  of  the  theory, 
me  briefly  state  tlte  grouoda  od  which  it*  supporter* 
From  their  respective  viras«9  you  may  pluut  typhoid 
,  ecnrlatioa,  or  small-poz,  Vhat  is  the  crop  that 
from  tills  husbandry?  As  surely  as  a  thistle  riaei 
a  tliii>tlti  stHvljas  siu«1y  as  tliv  fig  com*-*  from  the  fig* 
lli«  gmpe  from  the  grape,  Iho  thorn  from  the  thorn,  so 
(ordy  does  tlw  typhoid  virus  increase  and  multiply 
iiUo  trpboid  favor,  the  scarUtina  virus  into  scarlatina,  the 
■mall-pox  virus  into  Emall-pox.  What  is  the  coudusion 
that  sogge«l«  it«olf  hero  ?  It  is  this :  That  the  thing 
which  we  vnguvly  call  »  virus  is  to  uU  int<-nt«  and  purposea 
a  sneci :  that,  excluding  the  nution  of  vitality,  in  the  whole 
range  of  chemical  science  you  cannot  point  to  an  action 
which  illustrates  this  perfect  parallelism  with  the  pbcno- 
mcns  of  life — this  dcmoustnit^'id  power  of  setf-multi plica- 
tion and  reprodtMiUon.  The  gvrm  theory  alone  accounts 
for  the  pbenomena. 

In  cases  of  efudemio  disease,  it  ia  not  on  1«d  air  or 
U/al  drains  that  the  attention  of  the  physician  of  the  future 
will  primarily  be  lixod,  but  upon  disease  ^enns,  which  no 
bvJ  air  or  foul  drains  can  create,  but  which  maybe  puitta-d 
by  foul  air  into  virulent  energy  of  repToductioo.  You 
may  Uiink  I  am  trending  oo  daugi-nius  ground,  that  I  am 
putting  forth  views  that  may  interfere  with  ralutary  pnie- 
Ues.  No  such  tiling.  If  you  wish  to  learn  thv  impotence 
ef  medical  pracltcti  in  dealing  with  contagious  diseases, 
TOO  liave  only  to  refer  to  a  rirccut  Harveian  oration  by 
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Dr.  Gull.    Such  diaeasea  defy  the  phyBictaiu    The;  m 
i-iui  tbeir  course,  and  tJie  utmoet  ttiat  cm  be  done 
them   u  careful  nursing.     And   tlits,   though  I  du  n< 
tpecUlIjr  iufisb  upon  it,  would  (avoiir  tbc  idrn  of  Un 
vital  urigio.     For  if  tho  at^s  of  CnUtJtgioiK  ditt-iM) 
thenuclru  living  thing*,  it  may  be  difficult  to  dvsi 

,  cither  them  or  their  ]>r(^i>ay,  without  involving  their  livi 

[habitat  in  the  eamo  dcstnii-tioa. 

It  has  been  said,  and  it  i»  buto  to  be  rcpeat«d,  that  I 
am  quitting  my  own  m^litr,  in  speaking  of  tli<'*c  thinj^ 
f{ot  80.  I  am  dulling  with  a  (question  on  wliicU  ini: 
aocuetomvd  to  weigh  the  value  of  experimental  evidi 
»ro  alone  oonijH^ti^nt  to  deoide,and  legording  which,  in  i 
present  condition,  minds  80  trained  are  as  capable  of  fo 
log  so  opinion  as  regarding  the  phonomonn  of  magnei 
or  radiant  lieat.  'The  germ  thoory  of  Aiwtsti,'  it  has  bun 
said,  *  appcrtainx  to  the  biologist  and  the  pbymciaa.' 
GtAOt«d.  But  where  ii  the  biologint  or  physician,  wlK«e 
reseurches,  in  conni'otion  with  ihig  gnbjeot,  eotUd  f»r  noo 
instant  be  compared  to  those  of  the  ebemist  Piasteur  1  ll 
is  not  the  pbilodophic  members  of  the  medical  profesdoo 
who  are  diill  to  tho  rcci-ption  of  truth  not  originated  witli- 
in  the  pulo  of  the  prorcwrtion  itself.  I  oannot  bettisrciio- 
dude  this  portion  of  my  story  than  by  reading  to  you  an 
eitnict  from  a  letter  addressed  to  me  some  time  ago  by 
Dr.  William  Biidd,  of  Clifton,  to  whoso  insight  and  ene 
tlMt  tt^wu  of  Briittol  owes  »o  much  in  the  way  of  xanii 
impn>vcment. 

'As  lo  tite  germ  thoory  itself,'  writfs  Dr.  Budd, 
is  a  matter  on  which  J  bave  long  since  mndc  up  my  miml. 
From  tho  day  when  I  first  began  to  tiiini:  of  these  subji 
1  had  never  had  a  doubt  that  tho  Kpvcifiu  caoso  of  cod! 
gious  fevers  mudt  be  living  orgauinns. 

'  It  is  impoKible,  in  fnct,  to  make  any  atati-tnnut 
ing  upon  tho  wMonco  or  distinctive  charactcra  of 
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far«ri,  witliout  osiog  (erma  which  arc  of  all  oUiers  tha 
mott  diiitinetif«  0/  life.  Take  up  the  writings  of  tlw 
DMBt  violent  o|)poiientof  the  g«riti  th«ory,  and,  ten  to  one, 
fDU  will-  find  tbem  full  of  aucb  benns  as  "  propoignliou," 
"wlf-propagation,"  "  reproduction,"  "  self-muUiiilicalion," 
■oil  w  on.  Try  as  he  may — if  be  has  anything  to  Ray  of 
IkaM  diaouea  which  is  chnmctvriHUc  of  thorn— be  cannot 
tnilc  the  tiso  of  thfioe  terms,  or  th«  exact  oquivalents  to 
Uem.  Wltilo  perfectly  applicabto  to  living  thing*,  tboee 
tmns  tsxpxe^  qualitiee  which  are  not  only  inapplii'ahle  to 
nmmon  chemical  ageuta,  but,  as  far  as  I  can  see,  actually 
ioconoeivahle  of  Ifaem.* 


Once,  then,  estahliehM  within  tb«  body,  tliis  evil  form 
of  life,  if  Toti  will  :lUow  laa  to  aill  it  ito,  miut  run  its 
oouHK.  Iklcdicioc  lu  yet  is  powortesa  to  arrest  its  progrvsti, 
and  the  ^tat  point  to  be  aimed  at  is  to  prevent  its  accesii 
to  the  body.  It  was  with  this  thonght  in  my  mind  that 
I  ventured  to  recommend,  mora  thim  a  ywir  ago,  tho  u>e 
of  oottou>wonl  rcspiriitors  ill  infectiotid  pkces.  I  would 
bei«  tvpcat  my  hcliirf  in  their  efficiicy  if  properly  oon- 
ttmcted.  Hut  1  do  not  wt^b  to  prejudice  the  use  of  tliLim 
tespitatois.  by  connecting  tl)emindi»«Iubly  with  tlii^  germ 
tbeory.  There  are  too  mimy  tradvM  in  England  where  life 
If  aliortctMHl  and  rendered  miserable  by  th«  introduction 
of  lutitrem  into  the  lungs  which  might  be  kept  out  of  them. 
l>r.  Ore«uh>iw  has  shown  the  stony  grit  deposited  in  the 
luBUB  of  Gtonecultare.  Tbe  black  lungs  of  colliers  is  an- 
iCber  vase  in  point.  In  fact,  a  hundred  obvious  case* 
night  be  citoil,  and  othois  tluil  arc  not  obvious  might  be 
added  to  (Item.  We  ■hould  not,  for  example,  think  tliat 
printing  implittl  hibouri  where  tbe  use  of  cotton-wool 
mpiratiira  might  come  into  play ;  but  the  fact  is  that  tbe 
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duat  u-iaing  from  the  sorting  of  the  tyjie  is  vei;  destmHfv 
of  lu>altb.     I  WQDt  wme  time  ago  i&U>  a  nuutabctoij  iu 
one  of  our  lai^c  towoK,  where  iron  vcmela  arcemuDelled  by 
coating  them  with  a  mineral  powder,  imd  utibji'cliD!;  them 
.to  a  boat  xuBicitiut  Ui  fiiM  tlu;  powder.     Tlio  organisation 
P«f  tbo  MtahliHhmeut  was  excel li-nt,  und  on«  tiling  only  wu 
DMKle<i  to  make  it  fknltle>».     In  »  lar^  room  a  niiralier 
|0f  wouii'n  were  enga^^cd   eovcring  the   vetueli.     Tb«  air 
piru  laden  with  the  fine  diiat,  and  their  faces  appc^ared  tt 
white  and  bloodless  as  the  powder  with  which  they  worked. 
>£y  tlie  use  of  ootton-woo]  respirators  thc»e  women  might 
Pbo  caused  to  hrvathv  »ir  UJt  frc«  from  lusprndcd  matt«r  ta 
tlint  ol  the  opvD  street.     Over  a  jear  ago  a  Lancashire 
•eedkmao   wrote   to  mo,   slating  that  during   Uw  nx4 
season  bis  men  suffered  bonihlv  from  irritation  and  fi-ver, 
80  that  many  of  th«n  left  his  service.     Ho  asked  for  help, 
and  I  )j^ve  him  my  iidvice.     At  the  cunclusiou  of  Che  sea- 
•ou,  this  year,  he  wrote  to  Inform  mc  tlint  he  bad  folded 
a  little  eotton-wool  in  muslin,  and  tied  it  in  front  of  Uie 
month  ;  and  that  with  this  simple  defence  he  had  poswd 
through  tlie  season  in  comfort,  and  without  a  sing:l«  com- 
plaint from  his  men. 

Against  the  use  of  oiioh  a  re«pirutor  the  ohvioiu  nbjeo 
lion  ariiMW,  that  it  hccomi-«  wet  and  hcntod  hy  the  br«ath. 
While!  was  casting  about  for  a  romedyforlhisairiond  for* 
warded  to  mc  from  Newcastle  a  form  nf  n-spirator  invente'I 
by  Mr.  Ckrrick,  a  hotel-keeper  at  Glasgow,  which,  by  a 
slif^ht  modification,  may  bo  caused  to  meet  Um  com 
piTfi^lly.  The  respiralor,  with  iU  Inck  in  part  removed, 
is  sliown  in  fig.  4.  L'nder  the  partition  of  wire-gaiue 
g  r,  is  a  space  intrndi-d  by  Mr.  Carrick  for  *  mcdicatvd 
substauccti,'  uud  whirh  may  bo  filled  with  c<itton-wiMl 
The  month  u  phwil  against  the  ajMrLure  O,  which  6' 
closely  round  the  lips,  and  the  fillrrod  air  onten  tl 
moiitb  tbrongh  a  light  valve  V,  which  is  UtU-i  by  the  act 
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I  of  inkalation.  During  exhalation  this  valvo  closes ;  Ui« 
.  htntii  noapes  It;  ft  Mcond  valve,  v,  into  tho  open  sir. 
Fio.  *. 


'^ 


ewoo]  IB  lliU9  kept  dry  and  cool ;  tlicnir  in  paraingtbrough 
^h  being  fillered  of  everything  it  holds  in  siuipeimon. 


FiretnaiCt  licvpirator. 

Wa  )>avo  thus  been  ted  by  onr  lint  <ni[u-aciical  esperi- 
cieotx  into  a  thicket  of  practical  consideratiooH.  But 
Bootlwr  rtop  in  pomiblir.  Admiring,  as  I  do,  tkc  bravery 
of  oar  Gramcn,  and  bearing  that  Emokv  wm  a  more 
■trioiu  naemy  than  flame  itaelf,  I  thought  of  devising  a 
tart^cmaa's  reepirator. 

^B     Our  Grfyeacapes  are  each  in  charge  of  a  single  man, 

aad  it  would   be  of   obvious  importaoce  to    place    it 

in  the  power  of  «&ch  of  those  men  to  penetrate  through 

the   deose«t  smoke,  into  the  recesses  of  «  botise,  and 

tbar«  to  rcccnc  tixwe  who  would  othtrwiu  bo  suffocated 

banit.      Cotton-wool,   which   so  effccluaUy  arrested 

was   first   tried;   but,   though   found   soothing   in 

gentle  kinds  of  smoke,  it  waa  no  match  for  the 

iQt  fumn  of  a  resinous  fire,  which  evolves  a  most 

hie  Btnobe.      For  tho   purpose  of  catching  tho 
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I  genu,  M.  Poaehrt  spnad  a  film  of  {^ycAHiw 
{date  of  rUss,  or^ed  air  afjiainst  the  film,  and  ex-<. 
UDcd  tbc  duA  vbicJi  itack  tn  it.     The  mnigtcBing  ol 
be  eottoQ-wuiil  «iUi  tbis  suliKlatto)!  wv  -a  <ic>cidcd  imprave- 
at ;  still  the  rai[iJiator  oulj  enablud  us  In  remain  in 
'  smoke  (at  tfaee  or  four  toinntes,  after  which  Uie 
imtation    became    oncDd  arable.       ReRectioii   eii;;t;e8t«d 
in  cntabiutini)  lo  imperfect  aji  i1m  ptvHlurtioii  o{ 
anoke  implies,  tiwra  mtut  be  nuineroua  hydro* 
I  ptoduced,  which,  being  in  a  etate  of  vapour,  wnuli 
'  T«y  irapetfecllj  arrceted  l^  the  cotton- vool.     Th 
in  all  probabtlitT,  were  the  cause  of  tho  nsidnal  irritation 
Lmnd  if  tltoM  muld  be  removed,  a  pnutically  perfect 
'  piralor  might  poaaihly  be  obtained. 

I  state  the  reasoning  exaeUyas  it  occurred  to  my  inin< 
Its  result  will  be  anticipated  by  many  present.  AO 
txidies  posacM  the  power  of  ooodeDiinj;,  in  a  great«T  or 
lisa  degree,  gases  and  vaponn  npon  tlieir  surfitecs,  and 
rben  the  Goodensing  body  is  very  poroos,  or  in  a  lino  state 
of  division,  the  force  of  condensation  may  produce  vci]taJ 
n-markable  effects.  Thus,  a  clean  pit^ce  of  phitintim-fuifll 
placed  in  a  mixture  of  oxyg<m  and  hydrogen  bo  mjugvic* 
the  gases  together  as  to  cause  them  to  combine ;  and  if 
the  experiiHL'iil  be  nuidt:  with  care,  the  )i«it  of  oombination 
mny  raise  the  platinum  to  bright  rednun.  Tho  pronipt- 
ne«s  of  this  action  is  greatly  augmented  by  nKlticin^r  tlie 
platinum  to  a  slate  of  fine  division.  A  pellet  of  '  tpimj 
pliilinum,'  for  instance,  plunged  into  a  mixture  of  ox 
and  hydrogen,  causes  the  gaaos  to  explode  instantly. 
>  virtue  of  ita  extj«me  porosity,  a  similar  power  is 
by  cbarcoaL  It  is  not  tUoog  enough  to  cause  tho  oxygen 
and  hydrogen  to  combiDc  liko  the  spongy  platinum,  biit 
'it  so  sriucezett  Uw  morn  coiidensablo  vapourn, and  acta  wi 
Biich  condonUttg  poner  npon  the  oxygen  of  the  air,  as 
.  bring  both  within  tbo  combining  distance,  tlius  enabling 
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Uie  c>xj};en  ta  atUuik  and  deri-roy  tliu  vapuun  iu  tlie  pores 
uT  Um  cbiucottl.  In  thU  my,  elSitWa  of  all  kinds  may  be 
Tiitaillj  burnt  up ;  tmd  thia  U  the  principle  uf  tin:  excel' 
]mi  cfaaroool  rofpirnbore  invented  by  Dr.  Steuhoiue. 
Axnud  with  onv  of  tht^w.^  you  nuiy  go  into  tbe  foulest-  ~ 
nelUng  plaocs  wiUioiit  having  your  nota  ofTi^ndtil. 
L  Biit,  wlitlo  powerful  to  arrest  vapour*,  tbu  cliitrvoitl  rea- 
^|knt4M'  i«  {neETectunl  aa  regarda  smoke.  Tlie  smoke^parU- 
^Hbt  gel  freely  ihruugh  the  reapirator.  With  a  nuntbt^r  of 
beh  respirators,  t«sted  dovnstaiis,  from  half  s  minuto  to 
I  minnt«  ma  the  limit  of  enduronoe.  This  might  bo 
meedrd  by  Faniday's  cimpltf  method  of  <-inptying  th« 
lunp  eomplvldy,  and  thi'-a  filling  them  before  goinj;  into 
B  moky  atmosphere.  In  tavt,  each  solid  smoke  particle 
i)  itJiOf  a  bit  of  cliarcoal,  and  carries  on  it,  and  Id  it,  its 
iitlin  toad  of  irritating  rapour.  It  is  thi.i,  far  more  Ham 
the  particles  of  carbon  themselves,  that  produces  Ihtt  ini- 
(atioD.  Hence  Ivo  causes  of  oSence  are  to  bt!  removed : 
Ike  carbon  particles  which  convey  the  irritant  by  adhesion 
mtd  coodeoKition,  and  the  free  vapomr  which  accompanies 
thf*  parttclcs.  Thr.  mi>Ut«n«d  eotlxm-wool  I  knew  would 
arrpct  tlin  firwl ;  fiagments  of  charcoal  I  hoped  would  stop 
th*"  •econd.  In  the  first  fireman's  respirator,  Mr,  Carrkk's 
atnutgement  of  two  valvm,  thv  one  for  iulialatioa,  tho 
i«r  for  exhalation,  arc  prwcrved.  But  tlio  portion  of  it 
icb  bold«  the  filtering  and  absorbent.  «iib»tuncc«,  is 
!nng(>d  to  a  di^tb  of  four  or  fire  iiich<ij  (mm  fig.  S). 
lur  UtR  partition  of  wire-jjauze  9  «•  at  tbe  bottom  of 
ffpatt  which  fronts  the  mouth  is  placed  a  layt^r  of 
tan-wool,  c,  moistened  witli  glycerine;  then  a  thin 
of  dry  wool,  c* ;  thtm  a  layer  of  charcoal  fragments ; 
uwl  finally  a  iwcoiid  tliJii  Uyer  of  dry  cotton-wool.  ITie 
cusocniou  of  Lbo  layers  may  be  changed  without  prejudice 
the  nrlt.iii.  A  wir&^auze  cover,  shown  in  plan  below 
:■  5,  kee[M  the  siibatancM  bom  billing  out  of  tbe  respi- 
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ntor,     A  Ufer  of  canstic  lime  ha*  been  added 
■beorptioa  of  carbonio  acid ;  biit  in   thr.  di't 
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thai  wfi  have  hitherto  employed,  it  has  not  been 
cessaiy,  nor  i*  it  sbown  io  the  Bfpro.    In  a  flamiDc 
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E,  tiKleedf  the  mixture  <»f  uir  with  the  sraoke  nerer 

lits  tile  carbonic  iictil  to  heciiin«  »o  <)en«e  as  to  be 

[itmpinihlu;  hut  in  «  plu««  where  tlifi  giu  Jh  preft^t  in 

undue  qtianlitj,  the  fragments  of  lime  would  nuteriatly 

Ditij^iite  its  action. 

In  ft  Bmall  ccUar-liko  chamber  with  a  stone  flooring 

I  ttone  walls,  tliv  fint  experiment*  were  mode.     We 

then    (itrnaocs    containing    resinous    pine-wood, 

ghUd  tint  wood,  «iu),  pWing  orer  ft  a  tid  which  pre- 

oted  tuo  brisk  a  eirculatiun  of  the  air,  genoratMl  denm 

rTdoDefl  of  smoke.     With  our  eyee  protected  by  suitable 

gliwM,  m;  aariatant  aad  I  have  remained  for  half  on 

fuiiir  and  more  in  Hmoke  to  donee  and  pungent  that  a 

itn^v  inhnlittion,  through  the  iindt^endexl  mouth,  would 

be  perfectly  unttudiuahlo.     Wt;  miglit  liave  prolonged  our 

•tay  for  boun.     Having  thns  far  perf<!^t<-<!  thft  instru- 

omt,  I  wrote  to  the  chief  ofGoer  of  tlie  Metropolitan  Piro 

ftngade,  asking  htm  whether  such  a  respirator  would  be 

of  aae  to  him.     His  reply  was  prompt ;  it  would  be  moat 

nloable.      He  had,   however,  made  himself  acquainted 

with  ersry  contriranoo  of  the  kind  in  this  and  other 

ntnntricv,  and  bad  found  none  of  them  of  any  practical 

■iw.     He  offered  to  come  and  test  it  here,  or  to  place  a 

room  at  my  disposal  in  the  City.    At  my  request  be 

came  here,  accompanied  by  three  of  his  men.     Our  «raall 

room  wa«  filled  witij  emoko  to  their  entire  satisfaction. 

The  three  men  went  suocessively  into  it,  and  remained 

there  as  long  as  Captain  Sltnw  wifhed  them.     On  coming 

init  they  said  that  they  liad  not  suffered  the  slightest  in- 

eoaretuenee ;  that  Lhey  could  have  remained  all  day  in 

tho   Bnokc      Captain  Shaw   then   tcdcd   the  respirator 

with  the  same  rc»uU,  and  he  uflerwards  took  gr<»t  intend 

the  perfecting  of  tti«  imttniment. 


TarinuB  ameliorations  and  improvements  have  reot-ntly 


been  introduo?cl  into  the  smoke  respirator.  The  hood^r 
CapUin  Shaw  ban  been  improved  upon  bj  the  simple  ud 
leas  expensive  mouthpioce  of  Mr.  Sinclair ;  ami  this,  in  it< 
liirn,  has  been  Bimplified  ami  iinprovc<l  by  mj  aaststant 
Mx.  John  Cottrvll.  The  ruipinitur  iit  now  in  coiuideiabte 
demand,  and  it  has  already  done  good  practical  aorvtcc. 
Care  is,  however,  necessary  in  motst«nini;  the  wool  with 
f^yoerine.  It  must  be  carcftilly  teazed,  ho  Ibst  tlio  indi- 
vidual fibres  may  bo  moititcned,  nod  dots  mtivt  be  avoided. 
I  cannot  rccointnend  tlio  Uyen  of  ni<ii.tteDe<l  fUmnu] 
whieh,  in  some  caitcft,  have  been  used  iodtead  of  cutton- 
wool :  nothing  equab  the  wool,  wben  carefully  treated. 

An  experiment  made  laat  year  broni-ht  out  very  con- 
spicuously the  necmsity  of  oarofal  parking,  and  the  enor* 
mous  oomparative  power  of  n-^isting  timoko  irritatioa 
poMeMod  by  our  fin^men,  and  the  able  oRicer  wlio  coin- 
manda  tbem.  Having  beard  from  ('aptain  Shaw  tliat,  in 
Borne  recent  very  trying  experiroeutfi,  be  had  obtained  liie 
best  effects  from  dry  cottoa-wool,  and  thiuking  tliat  1 
coidd  not  bare  Ix-cn  misUikcn  in  my  first  results,  wlticb 
proved  tbo  dry  so  niii«li  inferior  to  tbc  moistened  wool 
and  its  associated  charcoal,  I  proposed  to  Captain  Shaw  to 
bring  Uie  matter  to  a  test  at  his  workshops  in  the  Cily. 
He  was  good  enough  to  accept  my  proposal,  and  tbitlier  I 
went  on  May  7,  1874.  The  smoke  was  generated  in  a 
confined  Rpaoe  from  wet  straw,  and  it  was  cortaioly  very  dia- 
bolieaL  At  this  season  of  the  yenr  I  am  usually  somewba) 
shorn  of  vigour,  and  therefore  not  in  the  best  condition 
for  severe  exporiments ;  still  I  wished  to  test  tho  mattw 
in  my  own  person.  With  a  respirator  which  had  been  in 
uitc  sorno  day*  previously,  and  which  was  not  carefully 
packod,  T  followed  a  lu«man  into  the  nnoke,  bo  bcin^ 
provideil  with  a  dry-wool  Tespitator.  I  was  compelled 
4)uit  the  place  in  about  three  minuio^  while  the  firei 
remaiiM.-d  there  for  ax  or  seven  minutes. 
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I  liico  tri«d  Ilia  Fe«pintor  upon  mjsolf,  and  found 
tint  with  it  I  coutd  not  remain  mora  than  a  miunt«  in 
Ikflwke ;  in  &ct  the  first  iahaUtion  provukt^i  cnii»1iing. 
Tliinking  that  C^ptun  Sbaw  himsell* might  have  luugs 
BoRi  li|{«  mine  tlian  Uio«c  of  hie  firoman,  I  proposed  th«i 
Mttoild  try  the  le^iratora  ti^gtttluir  i  hiit  be  informed 
'Bii  Uut  bis  longs  were  veiy  strong.     He  watt,  however, 
gwd  enaiigb  to  accede  to  mj  roqucet.    Befoni  onterint; 
tte  duD  n  H-odu'l  time  T  rvpackt-d  nij  respirator,  with 
itnteare,  and  enten.-d  the  smoke  in  company  with  Captain 
iir,    I  could  hear  him  breathe  lonf;  slow  inhalations  i  his 
int  was  certainly  greater  than  mine,  and  after  the 
hfH  of  ecvcn  minutes  I  ht-'aid  him  cough.     In  seven  and 
1  lialf  minutes  bo  hod  to  quit  the  place,  thus  proving  that 
bis  lungs  were  able  to  cnduro  the  irritation  eevcn  times  as 
h>Q^  as  tnfntt  could  bear  iL     I  continued  in  the  smoke, 
with  hardly  any  discomfort,  for  sixteen  minutt-s,  aud  cer- 
tainty eoold  have   remained   in  it  much   longer.     Tl)o 
advantage  arising  &om   tbe  glycerine   was   thus  placed 
kevond  question. 

^ During  this  time  I  wiu  in  a  condition  to  render  very 
erial  aMittance  to  a  perton  in  dai^r  of  suffocatiou. 
lo  m; 


Stimholtz  on  Ility  Fever. 


la  my  lecture  on  Dust  and  Disease  in  1870, 1  refcrrwl 
to  ao  cxfwriuicnt  made  by  Hclmboltz  upon  himself  which 
Btrikiogly  ootmeicted  l>ay  fever  with  nniiruilcular  life. 
About  ft  year  ago  I  received  from  Profe^ur  Binz  of  Bonn 
a  short,  but  important  paper,  emtnacdog  UclmholU's 
amount  of  his  obn-rvation,  to  which  Profecsor  Binz  has 
added  9omo  remarks  of  his  own.  The  pnpcr,  Iteiog 
mainly  intcD<le<)  for  KugltMh  medioal  men,  was  published 
io  Bngli»h,  ftuH  though  here  and  Iht^re  \tg  stylo  might  bo 

gdcd,  I  think  it  better  to  publish  it  unaltered  here. 


FRAOUEMTS 


wliat  I  h&ve  obeerred  ( 
cent  EngliHli  pabiicatioDS  on  the  subject  of  hay  fever,  I  ain 
led  to  suppose  that  Eag^Iisb  aatiioritiee  sre  iiwccuratel;  ao- 1 
quainted  with  the  discovery  of  Profrsmr  Uolmhultz,  as  &r 
back  as  186S,  of  tlic  exi^tvocv  of  utiGonunou  low  oi^anumi 
in   tho  naaal  •eeretioDs  in  tbia  cotnplaint,  and    of  tlie 
|vj«tiil>ility  of  arrestiiig  tbeir  action   by  the  load  f^roplny-j 
mi-nt  of  quinise.      I  therefore  purpow  to  republi&h  thej 
letter  in  which  b«  originally  onnoiiaccd  these  bete  to  mj 
self,  and  to  add  woine  further  obaervatiom  on  this  t«pic.| 
The  letter  i*  a«  follows :  '— 

*  I  have  suffered,  as  woU  as  I  can  remember,  move  tbnj 
year  1847,  from  the  peculiar  catarrh  called  by  the  EagUabj 
"  hay  fever,"  tho  «poeiality  of  which  oooeists  in  its  attack-' 
ingits  TJctims  regularly  in  the  liny  M-ASOD  (myvelf  between 
M.iy  20  aitd  the  end  of  Juiw),  that  it  ccof:^  in  the  coolor 
weather,  but  on  the  otlter  hand  quickly  r«ac)iv»  n  great 
intensity  if  the  patients  expoM  tliemselres  to  heal  and 
tjunshine.     An  extraordinarily  violent  toieenng  thiai  oeta 
in,  and  a  strongly  conosive  thin  discharge,  with  which 
mtich  epithelium  is  thrown  off.     This  increases,  after  a 
few  hours,  to  a  painful  inflammation  of  the  mucous  mem-j 
hrane  and  of  tho  out^de  of  the  notw,  and  pxdtes  fever 
with  severe  headache  and  great  depraasion,  if  Hic  pctUeot 
cannot  withdraw  himself  from  the  heat  and  the  Muishine.  j 
In  a  cool  room,  however,  these  sj^mptoms  vanish  as  quicklj*! 
aa  ttiey  come  on,  and  there  then  only  remains  for  a  few] 
days  a  leawned  discharge   and  •oreneMs  u  if  niuMd  by 
the  lo89  of  epithelium.   I  remark,  by  the  way,  tlint  in  nil 
my  other  years  I  had  very  little  tendency  to  catArrh  or 
catching  cold,  while  tho  hay  fever  has  never  failed  ditrii^j 
the  twenty-one  yean  of  which   I  have   spoken,  and  luw' 
never  attacked  me  earlier  or  Ictvr  in  the  year  than  the  i 
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iimw  (iinj(;<l.  Tbe  cvnditioii  i»  extremely  troublesome, 
and  iucmiK-ti,  if  one  jft  obliged  to  be  much  expawd  to  tha 
ran.  Id  an  excewih'eljr  acrerc  mabkdy. 

'The  curiouB  dependesce  or  tbo  diniwo  on  tlie  ecaiion 

of  Iho  year  Eii^est«(l  to  me  the  thought  lh«t  or^aDinns 

^ht  be  the  orif^n  of  the  miacbiel     In  examining  (he 

MCKtioii  I  rc^larty  foiinii,  in  the  Isst  five  yenn,  ecttaia 

Tftdo4ike  bodies  in  it,  which  at  oltifr  fim«s  /  could  not 

<itav0  in  my  naul  itecretioD.  .  .  .  They  arc  vciy  small, 

nd  an  only  be  recognitied  with  the  initnttriion-lcm*  of  a 

'niy  good  Hartnack's  microscope.     It  is  cliaracteristio  uf 

Uu  oocamoo  iMlatod  single  joints  that  (hey  contain  four 

sadai  in  a  row,  of  which  two   pairs   arc  more  closely 

aited.     Tbe  lengtli  of  the  joints  is  0-004   mllbinetre. 

Upon  the  vann  objectiv»-Rtage  they  move  with  modemto 

aatirity,  partly  in  mere  vibration,  partly  Rhooting  back- 

vardc  and  fonnirds  in  the  direction  of  their  long  axiR ;  in 

lower  t«mpcmtu[pR  tlicy  are  veiy  inactive.     Occasionally 

MM  findii  them  arranged  in  rows  upon  each  other,  or  in 

btanrfiing    BerieH.      Observed   dome    d»yt>   in   the  inoistt 

chamber,  they  vegetated  again,  and  appeared  somewhat 

Ingeraod  more  coospicnoua  than  immediately  after  their 

excntioo.    It  it  to  bo  noticed  that  only  that  kind  of 

■Bemtion   containa  them   which   is  expelled   by   violout 

RwaiiDgs;    Uint  which   drops  slowly   docs   not   ooiitnin 

any.     They  stick  t^uacioiwly  emiugh  in  the  lower  cavities 

and  rec«ne«  of  the  noae. 

*  When  I  saw  your  firet  notice  rej^pecting  the  poiKonotu 
action  of  quinine  upon  infxuorin,  I  dotcnnined  at  onc«  to 
make  an  eiperimcnt  with  that  substance,  thinking  tbal 
tbc«e  %-ibrionic  Ixxlieji,  evuu  if  they  did  not  cause  the 
whole  illnt^H,  still  coiUd  render  it  much  more  miplcnmnt 
Ibrougb  their  movements  and  the  dc«ompo«itionfl  caused 
by  tbem.  For  that  ronton  I  made  a  nvutral  solution  of 
•ulphate  of  iiainiDe,  vliicli  did  not  contain  mtich  of  tba 


Mlt  (1*800),  but  Htill  VM  i;ffc^tivv  cnotigli,  mxl  mui 
mixlcnitv  irritation  on  tlie  miicuus  mt-iiibruic  of  the  ugso. 
I  tlivn  }zy  flat  on  mj  Lack,  keeping  taj  Ih«1  VC17  low,  and 
pourofi  Willi  a  pi[H;Ll«  abotil  four  cubic  utatimt-tirH  in 
both  nosiriU.  Then  I  turuod  my  ImmuI  about  iu  order 
lot  the  liquid  &oit  in  all  diroctioos. 

'  Tlie  de«ir«d  elTect  wax  uljtained  iinmodiately,  and 
niained  for  soaia  houra ;  I  oould  expoao  myitclf  to  tbo 
without  6t«  of  sneezing  and  the  other  duBgivMblc  vym 
tomacomiofr  on.  It  wiu  sufficiimt  to  repeat  the  treatinent 
thioe  times  a  duj,  own  undtr  th«  most  nofaTouraUe  cii^ 
oontetanoce,  in  order  to  keep  tnyMilf  quite  fnw.*  Then 
vero  then  no  8uch  vibrios  in  the  Mcretiou.  If  I  only  go 
out  in  the  evening,  it  suffices  to  inject  lite  quinine  once 
dnf,  just  beforn  going.  After  continuing  thin  trea 
for  some  days  the  sjmptoms  disappear  completely,  but 
I  leave  off  they  return  till  towards  the  end  of  June. 

*My  firwt  exporimeuta  With  quinine  date  from  the 
tummer  of  1867  ;  this  year  (1868)  I  began  ul  once  oshmo 
Da  the  6nt  traces  of  the  illness  appeared,  and  I  have  thui 
been  able  to  stop  its  development  completely. 

*I  have  faeaitated  as  3ret  lo  publishing  the  matter,  be- 
canse  I  have  found  no  other  pativot*  on  whom  I  ooold 
the  experiment.  Tliere  is,  it  seeou  to  me,  no  doubt,  coi 
sidering  the  extraordinary  regularity  in  the  reciirrcuco  and 
course  of  the  iUneas,  tliat  quinine  had  here  a  most  quick 
and  decided  effect.  And  this  again  makes  my  hypothesis 
Very  probable,  that  the  vibrios,  eren  if  being  no  speciSo 
form  but  a  very  frnqui-nt  one,  are  at  least  the  canac  of  the 
rapid  increase  of  the  gymptoma  in  warm  air,  as  beat  ex< 
them  to  lively  action.' 

'  tlcn  i*  no  fannAstiMi  tbt  Ui*  olijtclicRi  t)»l  BjrTtngiug  Uia 
rauU  not  onn  Uw  lullinu  vhldi  wcompwM  bitj  fsv«r ;  far  tLii 
i>  od)/  Iho  t*tex  ttCtet  ariaisg  btm  lbs  initatioa  of  tin  neta, — B. 

'  RfJmliolt*,  now  Frofcaar  of  Pbjrvwt  at  Uia  Unirtnilr  of  DnUs, 
allhoasli  M.D.,  di>  madicnl  fftHiitMtt'—J)- 
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I  shftuld  be  very  gUd  if  the  above  linen  would  iuduoe 
Mrfical  Eoen  iu  Ei^aiid— the  haunt  uf  hay  fever — to  t«st 
tlic  obserratjoD  of  HelmJioltz.  To  most  patienta  tbn  ap- 
ptntioQ  iritb  the  pipette  uiay  be  too  difficult  or  impo*- 
■ibki  I  have  therefore  already  suggested  the  uaa  of 
Wet^ro  very  siiDpte  but  eSective  noae-douche,  ,\iso  it 
*ii]  be  advisablo  to  apply  tbe  Bohition  of  quinine  tepid. 
It  can,  further,  not  bv  repealed  often  onough  tfant  qtunine 
it  frrquentiy  adult«-nitod,  cepeciidly  with  ctuelionia,  thu 
titiuo  of  which  i*  much  bus  to  bf  depended  upon. 

Dr.  Frti-khofer,  of  Sehwalbecb,  boa  commuuicated  to 
me  a  seoond  ea«  in  which  hay  fever  waa  cured  by  local 
Implication  of  quinine.'  Piofessor  Buich,  of  Bonn,  autho- 
rwt  me  to  my  Ihiit  lir  ntcccvded  in  two  tMiMs  ot '  catnrrhus 
Mtivna'  by  the  snmo  method :  a  third  patient  was  obliged 
to  alMtaiD  from  tJie  nse  of  quinine,  m  it  produeod  an  ud- 
Iwsrable  irriUitioa  of  tbe  Knoible  nerve*  of  the  no£«.  In 
the  Autumn  of  1872  Helmholtz  told  me  (hat  his  fevttrwas 
qitit«  curdd,  and  that  in  the  meantime  two  oth^r  patients 
had,  by  his  advice,  tried  this  method,  and  wiUi  the  eame 


•  Of.  Vinbaw'i  -AnUr.'  (1870).  t«!.  H  f.  IT*. 
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rPKE  opening  of  the  Edlpw  Expedition  wai  not  pto- 
JL     pitious.      PorWiiwutli,  un   December  5,  1870,  ynu 
swathed  by  a  f«g,  which  was  iDtCDsiSed  hy  emoke,  anil 
tnvened  by  a  dnpie  of  fine  rain.     At  six  f.h.  I  was  on  J 
board  the  *  Ui^^t.'    On  Tuesday  tuoniiDg  the  woatherS 
was  too  thick  to  permit  of  the  chip's  being  swung  and 
her  compulses  calibrated.      Th«  Admiral  of  the  port,  a 
man  of  vviy  noble   prescuoe,  cutnc   on  board.      ITodttr 
hiaatimtdua  the  «n4;fgy  which  tbr  waatherluu!  damped 
appeared  to  become  more  active,  and  toon  aftt^r  hii  de-^ 
patture  we  steamed   down  1o  Spithead.     Here   the  (»l^M 
bad  so  liir  light«n«d  a«  to  enable  the  ofikere  to  swing  the 
ship. 

At  throe  f.h.  on  Tuesday,  December  6,  we  got  awaj^ 
gliding   auccMsively   past   \Vbit«cUff   Bay,    Ilembrid| 
Saadown,  Shanklio,  Ventnor,  and  St.  Catherine's  Light 
bou»e.     On  Wedoofday  morning  wo  sighted   the  Isle 
UvhantjOQ  the  French  cidcof  the  CluiniK'l.     The  nortbrr 
end  of  the  island  has  been  fretted  by  the  warea  inU>  do-' 
taebed  tower-like  masses  of  rock  of  very  remarkable  ttp-_ 
pearanco.     In  the  Channel  the  aea  was  green,  and  opjiosiul 
Ushant  it  was  a  brighter  gr(?en.     On  Wednesday  evening 
we  committed  oiiraelves  to  the   Buy  of  Biscay.     'Ilie  mil 
of  ihe  Atlantic  was  full,  but  not  violent.    Th«rc  bad  beon 
scarvely  a  glram  of  sunsbine  througboiit  the  day,  but 
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dnUmai  were  fine,  and  tlieir  appwnt  nolidit;  imprCM- 

■i(b    Od  Tbursday  morning  tlw  gnea  of  Uie  seK  wax 

diifAioed  by  a  deep  indigo  blue.     The  wbolu  of  Tbunulity 

■BEiMiDed  across  tbs  baj.     We  had  little  blae  sky,  bul 

t^  doudi  wpre  again  grnod  and  varied— cimia,  etratus, 

MDiJud^  and  nimbus,  w«  had  tbitm  all.     Du«ky  Itnir-liicu 

tnOt  were  eoinetime«)  dropped  from  tbe  dintant  cloud* 

••  (he  aea.     Theae  were  felling  abowere,  and  they  som»- 

liM)  occupied  the  trbole   Itorixon,   whilo   wo   steamed 

(ems  tlic   rninlcn   circle   wliicli   u-as  tbiis   suTToundod. 

SoiBeUniea    wo   plunged    into    the    raiu,   and    onoe  or 

Iwice,  by  Bli^btly  cban^ng  our  oounte,  avoided  a  heavy 

ifawcr.     From  time  to  time  pcrfvct  raiobovrs  tpanned 

the  bcavMtn  froin  side  to  Bide.     At  tinie«  a  bow  would 

ippear  in  fragmente,  sbowing  the  keystone  of  tlie  arah 

midway  in  air,  and  its  two  buttresses  on   tlie   horizon. 

In  aU  cases  tlie  light  of  the  bow  could  be  quenched  by 

«  Niool's  prlim,  with  ita  long  diagonal  tangent  to  the 

m.    Soni«tinMW  gleaming  patches  of  the  firmament  were 

tmi  amid  tbft  clouds.     When  vicwi^l  in  the  proper  diroc^ 

Uon,  the  gleam  could  be  quenched  by  a  Nicol's  prism,  a 

dark  aperture  being  thus  opened  into  stellar  epaco. 

At  sunset  on  Thursday  the  dcnwr  clouda  wero  fiercely 
binged,  whilo  tlirongh  the  lighter  ones  sccmod  to  issue 
tbo  glow  of  a  conflagration.  On  Friday  morning  wo 
Bghtcd  Cape  Finifi«rre — the  extreme  end  oftho  arc  which 
meops  Grom  Usbant  round  the  Ilay  of  Biaesy.  Calm  «pace« 
of  bloe,  in  which  Soatod  quietly  scraps  of  cumuli,  v>ere 
bidiind  OS,  but  in  front  of  us  was  a  horizon  of  portentous 
darkneu.  It  continued  thus  threatening  throughout  the 
day.  Towanis  evening  t)io  wind  ttrei^heDod  to  a  gale, 
awl  at  dinner  it  was  dtfTicuit  to  prtaerro  the  plates  and 
dithes  from  destruction.  Our  thinned  company  hinted 
that  the  rnllmg  liad  other  ct>n»equenoee.  It  was  very  wild 
wbco  vo  went  to  bed.     1  alumbered  and  slept  but  aAer 


»>me  time  wan  rendered  sniiouBly  cotucinufr  tbn^n^^f 
had  liecooie  a  kind  of  projectile,  witli  tlic  *liipV  4H 
for  a  tarffet.  I  gripped  th«  cdgn  of  n;  becib  to  mm 
mjsolf  from  bcinj;  Uirown  oat.  OiitAtd«,  I  could  liftar 
tomebodv  ny  tliat  be.  liad  been  thrown  from  hu  twrth^ 
and  sent  Bpinning;  to  the  ottwr  sida  of  Uie  saloon.  Th^ 
screw  laboured  \iolently  amid  the  lurching;  il  incMnntl]|l 
quitted  the  water,  and.  twirling  iu  the  uir,  lattlod  af>aiiisC 
its  beariD)!*,  aod  caused  tbv  «hip  to  shudder  fmm  ctcm  lo 
Rt«ni.  At  times  Uic  ware*  itrti«k  us,  mil  with  the  mil 
impact  which  might  be  expected  from  a  liquid,  hut  with 
the  viiddcn  «oltd  shook  of  hatterin^-Tama.  *  No  tDsn 
kuowii  tho  forco  of  water,'  odd  one  of  the  otScerfl, '  uutil 
he  has  ejtperieneed  a  storm  at  bg«.'  Tbeso  blowa  followed 
c&ch  other  at  quicker  intorvalf,  lite  screw  mttlin^  aAcr 
(^tch  of  tliem,  until,  finally,  ttie  ddiveir  of  a  hearier 
ilroke  than  ordinary  smmed  to  rrditco  tl>«  nloon  to  chaos. 
Furniture  craiihed,  glnotcs  rang,  and  aUrmed  ei)quiri» 
immediately  followed.  Amid  tbe  noiset  1  he^rd  one  no' 
of  forced  laughter;  it  sounded  very  ghastly.  Men 
tramped  through  tbe  nloon,  and  busy  voiora  were  beard 
aft,  as  if  something  there  had  gone  wrong. 

I  roBis  and  not  witliout  dillicalty  got  into  my  elotlics. 
In  the  after-cabin,  under  the  «Mperint4.-ndi-nop  of  the  able 
and  energetic  mrrigntiog  lieutenant,  Mr.  Brctwn,  a  group 
of  blue-jackets  were  working  at  the  tJller-rt)pe«.  Tb«w 
had  become  Idok,  and  the  helm  refused  to  answer  the 
whctcl.  High  mora]  leaaons  might  be  gained  on  shipboard, 
by  olxcrving  whnt  stcadfiwt  iidherenc«  to  an  obj<wt  mq, 
accomplisli,  and  what  large  effects  are  heaped  np  by  thfj 
addition  of  infinitesimals.  The  tJllcr-ropc,  as  tbe  bluM 
jackets  strained  in  coneert,  Beem<:d  hardly  to  move ;  irtill 
it  did  move  a  little,  imtil  finally,  by  Uming  tbe  pull  tq 
the  larching  of  the  sliip,  tbe  mastery  of  tb«  nwlder  wai 
obtained.    I  had  previously  gone  on  deck.     Round  th4 
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■boiHtoor  were  a  few  mvmbers  of  the  ecUpee  partj,  who 
MNoed  in  Oft  mood  Tor  scii-iitific  ob^rrution.  Xor  did  I; 
krt  I  wiEbed  to  sea  the  storm.  I  climbed  ibe  mU^jdi  to  Oiu 
ptp,  udutDgod  s  word  with  Captaia  Toynbee,  Ihe  oaly 
mnlwr  of  tho  pnrt;  to  be  soon  oo  the  poop,  and  by  his 
fiteetion  made  (owaxxlK  a  clvut  Dot  fur  from  tbo  wbetd.' 
Boond  it  I  coiled  my  anus.  With  tbo  cxevpUoD  of  the 
Act  at  the  wheel,  who  stood  as  silent  as  coquen,  I  wiu 

I  bad  seen  graodeur  elsewhere,  but  tbis  was  a  new 

IbrtB  of  grandeur  to  mc     Tbo  'Ur^nt'  is  long  and 

UTTOw,  and  during  oiir  oxjMHlition  xho  lacked  Uie  fit«ady- 

ing  influence  of  tiufiicit;»t.  luUiUiL.     Sh«  woa  for  a  time 

pndicully  rudd^rleas,  and  taj  iu  the  trough  of  Uti:  sva.    I 

oauld  see  the  long  ridges,  with  eome  hundreds  of  feet 

heiween   their  crestfl,   rolling  upon   tho    ship   perfectly 

parallel  to  her  eidc«.     A»  they  approached,  they  so  greir 

upon  the  rye  as  to  render  Uic  esprewion  *  mountains  high ' 

iutelligibte.     At  all  event*,  tbtire  was  no  mistaking  their 

DKchviical    might,    a»    tbej  took   the  tihip   upon  Uieir 

■boulders,  and  svrung  her  like  a  pcnduhun.     Tho  deek 

sloped  somotiiiKt  atao  angle  which  I  estimated  at  over 

fofty-ftve  degreei ;  wanting  my  previous  Alpine  practice, 

I  sliouhl  have  felt  leas  confidence  in  my  grip  of  the  cleat. 

Here  and  there  the  long  rollers  were  toxced  by  interference 

into   boaps  of  greater  height.     Tlic  wind   caught  their 

erest4,  and  scattered  them  over  Ihi!  sea,  Uie  wliolo  surbce 

of  which  wa<  seething  white.     The  aspect  of  the  cl>iu(U 

was  a  fit  aecompaniioent  to  the  fuiy  of  the  ocean.     The 

uuxta  was  almost  full — at  times  OMtceoled,  at  times  r^ 

fealad,  as  tbc  scud  flew  wildly  over  it.     Tlu-se  thinj^  ap- 

pmlvd  to  the  eye,  while  Uie  ear  was  Cllod  by  the  groiuiiiig 

of  the  screw  and  the  wiiiatle  and  boom  of  the  itorm. 

'  AsclMt  b  B  T-«hap«d  msM  of  nvtal  voflofA  tet  Um  tuuoing  of 
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Nor  WBS  the  oatvaid  agitatioD  the  cnlr  object 
intereet  to  me.  I  ins  at  once  mhjeci  and  objc<t  to  tnjaelti 
and  vatchM  with  int«n>e  inteifnt  th«  vorltings  of  d^  Mm 
mind.  The  *  Urgent'  U  an  eldetiv  nhip.  Sbe  bad  been 
built,  I  vas  told,  bv  a  oontiacting  &xm  for  some  fbre^n 
Government,  and  had  been  diverted  £rom  her  BratpurpoM 
vbon  converted  into  a  troop-«bip.  &be  bad  been  for  eonw 
time  out  of  work,  and  I  bad  beard  Uiat  one  of  her  )■>) 
at  leMt,  needed  repair.  Our  scanty  butexo^li^t 
moreover,  did  not  belong  to  the  '  Urgent,'  biit  had 
gathered  from  other  sbipa.  Our  three  lieiitenaDt*  mm 
also  Toluntecr«.  All  thi>  paiaed  cwiftly  through  my  mind 
as  the  stramer  Ahouk  under  the  blows  of  tike  vaviv,  nod  I 
thought  that  probably  no  one  on  board  eould  taj  bow 
nuicli  of  this  thumping  and  straioing  the  *  Urgent'  would 
be  able  to  bear,  lliia  nocertaint;  caused  me  to  look 
(iteadil;  at  the  worst,  and  I  tried  to  strengtben  nnfelf 
io  the  &C0  of  it. 

But  at  length  the  helm  laid  hold  of  the  water,  and  tbe 
ship  wu  got  gradually  round  to  t&ca  the  war<«.  Tbe 
rolling  (liiiiioifihed,  a  certain  amount  of  pitcbing  tailing 
iU  place.  Our  speed  had  fallea  from  eleven  knots  to  twa 
I  went  again  to  bed.  Aft«r  a  space  of  calm,  vbea  we 
set'mcd  crowing  the  vortex  of  a  storm,  heavy  tossing  r»* 
commenced.  I  was  afmid  to  allow  mysrlf  to  lall  asleep, 
as  my  berth  was  high,  and  to  be  pitched  out  tS  it  might 
be  attended  with  bruises,  if  not  witb  fractures.  Prom 
P'riday  at  noon  to  Saturday  at  noon  wsaccompUahed  sixty- 
six  milee,  or  an  average  of  less  than  tbro(<  miles  an  hocr. 
I  overheard  the  nu'lore  talking  about  thi«  storm.  The 
*  Urgent,*  according  to  those  that  knew  her,  bad  never 
previously  experienced  anytliing  like  ft.' 
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*  Tbcrc  it,  it  will  bo  .»>■»,  a  CJr  Kfn«in«it  Iii4*mi  Umib 
tluaa  wo  vigwvMlj'  diwrritKd  iif  a  wttllc  oonwpoodMa  »i  Urn 
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fiU  Utrdagh  Saturday  the  wind*  though  notncwtiat 
xiknA,  bU-w  dead  against  us.  The  atmospheric  eflTccU 
•we  fiowdingly  fine.  The  cumuli  resembled  luouittatnN 
in  %liApB,  and  their  peaked  euniiiuts  shone  as  vhite  as 
Alyiae  mows.  At  one  place  this  re«en)hlanoe  iras  greatlf 
•■rengtliciicd  hy  a  rart  una  of  cloud,  uniforinly  illuminated, 
•od  Ijiag  like  a  niei  below  the  peaks.  Froia  it  fi'rU  a 
bid  of  cloud-river  strikingly  like  a  glacier.  The  borisoa 
at  "mset  ma  remarkable — spaces  ofbrillinnt^^eea  bet  w<>«n 
^claudB  of  fieiy  red.  Itiiinbowa  hod  been  fr«iticnt  through- 
thc  day,  and  at  niglit  a  perfectly  continuoiu  lunar 
Dov  ipanned  the  heavens  from  side  to  side.  It^  colour* 
•ere  feeble ;  but,  contrasted  with  the  black  ground  ngaiuA 
wliicfa  it  rested,  its  luminoumew  wa«  extraordinary. 

Sunday  morning  found  lu  opposite  to  LiHlmn,  nQ<I  at 

isithiight  WA  rounded  Cape  St.  Vincent,  wh«n>  thv  lurch- 

inct  «eeued  diitposed  tA  recommence.     Through  tin;  kind- 

DeDA  ijf  Lieuteoant  Walton,  a  cot  had  been  slung  fur  tne. 

It  hung  between  a  tiller-whccl  and  a  fluo,  and  at  one  a,m. 

I  was  roused  by  tJio  banging  of  the  cot  nguinst  itn  boun- 

daritTM.     But  the  wind  wax  now  behind  u.s  and  we  wont 

along  at  a  ttpci-d  of  ulvven  knots.      We  felt  ci^rtain    of 

tvoching  Cidiz  by  tliree.     But  a  new  lighthouse  came  in 

light,  which  same  affirmed  to  be  Catlix  Lighthoi^se,  while 

the  surrounding  kousea  were  declared  to  be  Cadiz  itd<flf. 

Out   of  deference  to  theee   sUtcmcnls,   the  navigating 

UeuteDAot  ch&ogcil  his  coutsc,  and  steered  for  the  place. 

A  pilot  came  on  board,  and  Iw  informed  us  that  we  wore 

bcfam  tliv  mouLli  of  thit  Guadalquivir,  and  that  the  light- 

lioUM)  was  tliat  of  L'ipibna.     Cadiz  was  still  some  eighteen 

nules  distanL 

We  steered  towards  the  city,  hoping  to  get  into  the 
harbour  before  dark.  But  the  pilot  was  mapped  up  by 
aaotbor  ViiMel,  and  we  did  not  g«t  in.  We  beat  about 
dariug  tile  night,  and  in  the  nioraing  found  ourselves 
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utmitl  (ift«eii  miles  from  Cadiz,    The  siin  roae  f^ 
oity,  and  we  steered  straiglit  into  the  U^t-     Tbe  lh«*- } 
towered    cnthcdnil    stood    ia    ikv  midfit-,  round  utiA] 
L  nmnncd  ipparcDtly  n  miiltitinlc  of  chimuey-tftackt.    Al 
■  Hearer  approiicb  showed  the  ciumneTs  to  he  nnmll  tumtt 
A  pilot  tra«  taken  on   board ;  for  titera  b  •  daRgtmaj 
■ho«l  in  tlie  harbour.     The  appearance  of  the  town  as 
sail  ebone  upon  it«  white  and  lofty  walls  waa  sii^olailT^ 
beautiful.     Wo  cart  anchor ;  roedo   official  arrived 
dc-mandi'd  a  clono  hiU  of  hcallh.     Wo  hiid  none    The 
would  hav«  nothing  to  do  with  us ;  so  thr  yclli>w  qt 
tiiin  flag  wan  hi>i!it«d,  and  wo  wait«d  for  pennisKinn  to  U 
the   Cadiz   party.     After  some  hours'  delay  ihtt  Kiigl 
comnil  and  vice-consul  came  on  board,  ain]  with  tliera 
Spanish   officer  ablaze  with  gold  lace   and   dca>raUa 
Under  slijifht  premure  the  requisite  permission  had 
r  gntutcd.     We   Inn^lcd   our  party,  and   in    the  aftema 
I  veighed  anchor.     TImnks  to  thit  kindnoM  of  our  excellrDt 
paj'oiaster,  I  vns  hero  t^annfcrred  to  a  roomier  hertfa. 
Cndia  soon  sank  beneatl)  tite  ana,  and  we  sigfatnl 
'  Bucoession  Capo  Trafalgar,  Tarifo,  and  tlie  reTfdvlng  ligl 
of  Cents.    The  water  was  rery  calm,  and  the  tnunn  ruM 
in  K  quiot  heaven.     She  swunj;  with  her  convex  mtrfaor 
downwanls,   the   common   bmindary   bc'wwn   light  and 
shadow  being  almort  horiioutaL     A  pillar  of  refli 
light  shimmered  up  (o  at  from  the  slightly  rippind 
I  had  previously  Dotii-ed  the  phoaphoreHoeuce  ofihnwatn 
b«t  to-oi^it  it  was  stronger  than  texinl,  e»:pecially 
Utu  foam  »t  the  how*.     A  bitektft  U-t  down  into  the 
hrunght  up  a  numbc^r  of  IV^  litlK!  uparkliug  orgs 
which  caused  the  p!io«phore8ceno&  I  caught  aome  of  tlintt 
in  my  bund.     And  here  an  appearance  waa  olw(>rvi-d  whitiM 
was   new  to  most  of  inr,  and  rtrJklngly  hcautiftil  la  ufl 
•Standing  at  tliu  l>ow  and  looking  fom'nrds,  at  a  distiuia 
of  forty  or  Bfly  yard*  from  the  ship,  a  numUir  of  lumtnttJ 
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itie&raen  vere  ae«n  rushing  towarc]a  us.     On  oearin^  th« 
teaael  tbey  rapidly  turned,  like  a  comet  round  its  peri- j 
belioo,  placed  tliemsclvcs  side  by  side,  and,  in  panll^l 
traiU  of  Uj^ht..  kept  up  wJtb  tho  rhip.    One  of  tlicm  plaoedi 
itsolf  riglit  in  front  of  the  bow  M  U  pionvur.     Tli(>iw  oometgl 
of  th«  wa  Wore  join«d  ut  iiitcrvuU  by  others     SoineliniM^ 
w  toatiy  a«  sii  at  a  lime  would  Tu^b  at  ub,  bend  with  ex(ra- 
onlioarr  rapidity  round  a  sharp  curve,  and  aft«nranla 
keep  Its  company.     I  leaned  over  the  bow,  and  Ecanoed 
the  strMioera  ctoaoly.     The  frontal  portion  of  each  of 
them  rcvralcd  tlie  outline;  of  a  porpoiHk     The  riuh  of 
tho  eroaUtn»  throiigti  (li<^  wittvr  bad  started  the  phwpho- 
roesncc',  twry   spark   of  which   WM  nonverl«d   by   the 
motion  uf  tlie  nHina  into  a  line  of  tight.     Each  porpoi»e  i 
wna  Uiua  wrapped  in  a  luminous  sheath.     The  phospho-J 
weoaee  did  not  cea«a  at  tJie   creature's  tail,  but  was] 
carried  many  porpoise-tenfrth;  bebicd  it. 

To  our  right  wo  had  tho  AlVican  hills,  iUumiuated  by 
tliQ  moon.     Gibraltar  Bock  ob  l<u)gtb  became  visible,  but 
ibK  Ivwn  rviuatued  long  hidden  by  a  bt^lt  of  hiutc.     Through  J 
thii  at  length  the  brighter  lampa  struggled.     It  waR  lilni 
the  gradual  reeotution  of  a  nebula  into  stars.     As  the  in- 
tefreniiig  depth  became  gradunlty  less,  the  mist  vanishe4j 
more  and  more,  and  finaUy  all  the  lampa  shone  throngh' 
it.    Tbcy  fonm-d  a  bright  foil  to  tho  sombre  mass  of  rock 
above  tbuin.     The  aea  was  so  calm  and  the  scene  so  lovely 
that  Mr.  Ilu^ius  and  mysnlf  «taycd  on  deck  till  the  ship 
m»  mciored,  near  midnight.     During  our  walking  to  and 
fn  a  Btrikin;;  enlargement  of  the  djjik  of  Jupiti^^r  was  ob- 
•erred*  whenever  the  heated  air  of  the  funnel  came  be- 
tWBcn  us  and  the   planet.     On  passing   away  from    thu 
beated  air,  the  flat  dimdt^k  would  immediately  iihrink  to  a 
luminous  point.     The  effect  was  one  of  visual  pen-Utenci*. 
The  retinal  image  of   the  planet  was    set  qm'vering   in 
all  S2imiitb:>  by  the  streams  of  heated  air,  describing  in 
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aiiinito   lins  o(  light,  which    nuDiae 
I  to  ■  didc  at  •rsuble  u«a. 
At  six  o'clock  next  nwnlog,  the  gaa  &t  tlif 
,  Station  on  the  Himmtt  of  tbe  rock,  bootaeiL   At  eight  1 

OD  board  the  '  Ttm&l^ar '  traituDg-ebip,  which  waa 
in  the  kubooTi  atnck  op  the  naliiwal  aath«ni ;  sod  itn- 
nediatel;  afterwanls  a  crowd  of  mite  lik?  cadets  swanned 
lip  the  t^King.  After  the  removal  of  the  B]>panitiu 
ag  to  the  Oibraltai'  partj  wo  wimt  on  i^horv. 
ITiiiter  wM  in  EogUnd  when  we  left,  but  here  wo  hud  Uii 
I  of  ttunmer.  The  v^etatioii  was  luxuriant. — | 
ra"<iif^.  and  aloes:,  all  abbue  with  acarlol  floi 
AvijittatheGovrreorwacpn>poMd,aa  an  act  of  i 
courtee^,  and  I  aoootapaoted  Adnltal  Ominan«7'  and 
Unggins  to  '  the  ConTenii*  or  Oavemmcnt  Hoive.  W4 
•cDl  in  our  card*,  waited  for  a  time*  and  weru  |]ti-n  c>iti 
ducted  by  an  orderly  to  his  Exoelkocy.  He  ia  a  fine  >ild 
maa,  over  six  foot  high,  and  of  fnuk  military  beoriugf. 
received  lis  and  convprst-d  with  as  in  a  v^ry  geal 
rnantier.  He  tx^ok  tis  to  mc  hix  garden,  his  palm*. 
shaded  promenade*,  and  his  orang^-trens  loadnl  with  fruit 
in  all  of  which  he  took  manifieal  dt?lii;hL  Ei'iili-nlly  '  llM 
heTu  of  Kara'  bad  foUen  upon  quarters  afti-T  hi*  ot 
heart.  lie  appeared  full  of  good  nature,  and  ettgagnl 
on  the  fpot  to  dtite  witli  him  tlint  day. 

We  sought  the  town-major  for  a  pous  to  visit  the  lit 
While  awaiting  his  arrival  I  pufchaaed  a  stock  tif  whit 
g;la»  bottles,  with  a  view  to  experiments  on  the  colour 
'the  sea.     Mr.  Huggiui  and  my«plf,  who  wished  to  see 
rock,  were  token  by  Captain  Sidmond  to  the  Ubrary.  who 
pB  taadt-i  of  Gibraliar  is  kept,  and  where  wc  had  n  capit 
p?eUtniiiary   lesson.      At   the    librury    we   met    Coloaf 
Alaberly,  a  courteous  and  kindly  man,  who  gave  ua 
advice  regnrdtng  our  eitcut«on.     Ho  sent  no  orderly 
u:i  to  the  lUitraiH-e  of  the  liucs.     The  orderly  banded 
over  to  an  iulelligcnt  Iri.ibman,  who  was  directed  to  ahu 
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OS  evcnrtlihig  that  we  dcaired  to  »e«,  and  to  hide  nothing 
fiom  tM.  We  look  the  *  upper  Uhp,'  trnvorwd  tlio  piUerieii 
imwn  tjiruugb  tl*e  limestone;  lookwl  through  the  enihra- 
■nrei,  which  opened  like  doors  in  the  pnicipioe,  towards 
the  hills  of  SpaiD  ;  reached  St.  George'!!  Hall,  and  wtiit 
•till  higher,  emerging  on  tlie  Ruayut  of  one  of  the  uoblc«t 
difia  1  luivR  ever  8e«n. 

Bu;o«d  were  the  Spanish  lines,  marked  by  a  lin«  of 
wbit«  sentry-boxoe ;  nearer  were  the  EngliMh  lines,  le^ 
oonspicuoiuly  indicftt«d ;  and  between  botli  was  neutral 
grmntd.  Ht-liind  Iho  Spanish  linea  rose  the  conical  liill 
eallud  the  Queen  of  Spain's  Chair,  llie  general  upect  of 
Bgmiii  from  tJie  rock  ia  bold  and  mggnd.  DoiilJIng  1>ack 
bam  liie  galleries,  n'c  etruck  upwards  toward*  the  oi-cMt, 
icaefaed  the  Signal  Station,  where  we  indulged  in  'shandy- 
gaff' and  bread  and  cheese.  Thence  to  O'Hara's  Tower, 
the  highest  point  »t  ttie  rock.  It  was  built  by  a  former 
Goveruor,  who,  foi^tful  of  the  laws  of  terreetrial  curvs- 
ihought  he  might  took  from  Umj  towor  into  the  port 
'  iJiz.  The  tower  is  riven,  and  it  may  be  climbod  alnng 
the  edges  of  the  crack.  Wo  got  to  the  top  of  It;  llience 
(ieseended  the  cuiioiu  Medilvrninean  Slair — a  zigzag, 
mastly  of  steps  down  a  oteeply  falling  slope,  amid  palmetto 
tifush,  aloes,  and  prickly  pear. 

Passing  over  the  Windmill  Hill,  wo  were  joined  at  the 
*  Governor's  Cottage '  by  a  car,  and  drove  afWwards  to 
the  ligblhoiiM!  at  Europa  PoinU  The  tower  was  built,  I 
believe,  by  Queen  Adelaide,  and  it  contaiua  a  line  dioptric 
appnmtus  of  the  firet  order,  conetiuctcd  by  31<4»r#.  Clianet', 
i)f  Birmingham.  At  Uie  appointed  hour  we  were  at  the 
CanveoL  Puring  dinner  the  same  genial  traitA  which 
appeaml  in  U>e  morning  were  still  more  conspicuous. 
The  fresfanesH  of  the  Governor's  nature  showed  itself  best 
wbea  he  sp^ike  of  his  old  ant^^joniet  in  arms,  MouraviofT. 
OhiTalty  iu  war  is  consisteDt  with  its  stem  prosecution. 
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Tbeee  two  men  wctc  chiTAlrotw,  and  nftnr  striking  tbe 
Isrt  blow  becan»  friends  for  ever.    Our  Iciiul  and   coaf> 
tcotu  rvcnption  at  GibraltAr  is  a  Uiing  to  be  reraembenid  | 
with  piearore. 

On  December  15  m  oommitt«d  oursdrea  bo  tin  > 
Mediterranean.  Tbc  ricm  of  GibraltAr  witJi  whicb  we  ' 
are  moft  iicqtuuDt«d  repnawi  it  u  a  hugo  ridge ;  but 
ita  aapectf  end  on,  both  firom  tlie  Spanbih  Uncs  itnd  from 
tbo  otber  side,  is  ind;  Dobie.  There  is  a  sloping  bank  of 
sand  at  tho  back  of  iho  rock,  whivli  1  was  dispo«ed  In 
regard  simply  as  tin:  d^rie  of  tjie  limeetone.  I  wished 
to  let  myself  down  upon  it,  btit  hsid  not  the  time.  My 
friend  Mr.  Ttii«k,  hnnever,  assures  me  that  it  in  Hilict,  and 
that  till!  wkine  suud  constitutes  tlie  adjacent  neutral  ground. 
There  are  tlteories  afloat  as  to  its  having  been  blown  from 
Sahara.  The  Mediterranean  throughout  this  fii«t  daji 
and  indeed  throughout  tlie  ttntiro  voyngo  to  Oran,  vm»  of 
a  le«  deep  blue  than  tlio  Atlantic.  Possibly  tbe  quantity 
of  organisms  may  have  modified  tlic  coloar.  At  night 
the  pboepboreeoenoe  was  startling,  breaking  with  the 
auddennen  of  a  snapped  spring  along  the  orestx  of  the 
WBTe«  formed  by  the  port  and  starboard  hows,  Itsstrengtli 
was  not  unifurm.  Ituving  Sashed  brilliantly  for  a  time,  it 
would  in  part  subside,  and  afterwards  regain  its  rigour. 
Several  lai^  phosphorettceot  mosses  of  weird  appeanmiM 
also  floated  past. 

Od  the  moming  of  the  IGtfa  we  sighlod  the  fort  and 
lighthouse  of  Marsa  el  Kibir,  and  beyond  them  the  white 
walls  of  Orau  lying  in  the  bigiit  of  a  bay,  sheltered  by 
dominant  hills.  The  sun  was  sbiiiinir  I'rigbtly ;  during 
our  whole  voyage  wo  had  not  had  so  fine  a  day.  Tba 
wisdom  which  Itad  led  us  to  choose  Onm  as  our  place  of 
observation  seemed  demonstrated.  A  rather  excitable 
pilot  came  uq  board,  and  he  guided  us  In  bohind  tbe  Mole, 
which  had  suffered  much  dama^  last  year  from  an  unes 
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ouUiant  of  waves  from  the  Medltemnean.  Both 
|iart  nod  bow  anclioni  wi^m  cajtt  iu  deop  w^Uir.  Willi 
dues  k»g«  liawtvrs  tli«  >bip'a  stem  was  made  fa»t  to  three 
gtin-ptUiirs  6x<^I  tn  th«  Mole ;  and  here  for  »  time  the 
'L'rgtiit'  Tt^Ht«id  from  h«r  lahoure. 

M.  Jaoawen,  wbo  bad  rendered  bis  name  cclebrftt«d  bf 
bifl  olMcn'stioiui  of  tbe  (fcUpee  in  India  in  1868,  when  he 
*bowod  tbu  solar  flames  to  be  eruptions  of  incandescent 
bydrognn,  waa  already  encamped  in  tlio  open  countiy 
abiiiit  eight  miles  from  Omn.  On  Dt-cvraber  2  Ito  bud 
quitt«d  Faria  in  a  l:<alloon,  widi  a  strung  young  tuilur 
aa  bis  asBistont,  bad  descended  near  the  mouth  of  tbe 
Loirs,  aeon  SI.  Gambetta,  and  received  &om  him  en- 
eouiBgement  and  aid.  On  tho  day  of  our  arrival  his  on- 
eampm>;nt  wa»  visited  by  Mr.  llug^ne,  and  tbe  kind  and 
emtrt^oiu  Engineer  of  the  Port  drove  mc  Bubecqiicntly,  in 
liEa  own  {ihaoton,  to  tbe  plaee.  It  bore  the  best  repute  as 
Kgardf  &e«doin  from  haxc  and  fog,  and  cominanded  an 
open  outlook  ;  but  it  wai^  inconvenient  for  us  on  account 
of  its  dietancR  from  tbe  vhip.  Tlte  place  next  in  repute  was 
the  railway  ttatiun,  between  two  and  three  miles  diataot 
frotn  the  Mule.  It  was  inspected,  but,  being  enelosed, 
was  abandoned  for  an  eminence  in  an  adjacent  garden,  tbe 
pntperly  of  Mr.  -Hinslielwood,  a  Scotchman  who  liad 
Kttled  some  years  proriously  ws  an  Esparto  merchant 
in  Oran.*  He,  in  the  moiit  lilxinil  manner,  placed  his 
KToiind  at  the  disposition  of  the  party.  Here  the  tents 
were  pitcb«d,  on  the  Saturday,  by  Captain  Saimond  and 
his  int'dlignnl  cnr)M  of  sappers,  the  instrumont«  being 
f.m!tiid  on  tlio  Monday  under  cover  of  the  tents. 

Clowf  tj>  the  railway  station  nins  a  new  loophole  w;dl 
of  defence,  throiif;h  which  the  highway  passes  )nt(>  tlte 
open  eountry.     Standing  on  tlte  highway,   aiid   looking; 
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Rftiithwardit,  about  twenty  yard*  to  tho  tight  i*  a 
baetionot,  iiit<^ndMl  to  carry  a  gun  or  two.     lU  ronf 
thoujvht  would  form  an  admirable  baaU  for  my  telcsoope, 
while  the  new  of  the  suironndiDg  country  waa  unimpeded 
in  all  directions.    The  authorities  kindly  allowed  me 
use  of  this  has*.ionet.     IVo  men,  ouo  a  bltt»-jacke1.  nnmi 
Elliot,  and  th«  otltcr  a  marine  nnmod  Hill,  were  ]>Iaend 
my  di»]X)Anl  by  Li<-iilenant  Walton ;  and,  thua  aided. 
Sloiiday  inoriiiiig  I  m(iiinl«d  my  tc^liwcope.     The  in 
ment  iras  new  to  me,  and  Kime  hours  of  discipline  wera 
spent  in  mastering;  all  tho  details  of  its  manipulation. 

Mr.  Buggins  joined  me,  and  wc  risiled  together  tlia 
Arab  quarter  of  Oran.  The  flat-ioofed  bouses  appoam] 
vrry  clean  nndwhilc.  Tlte  atroctwaa  filled  with  loJtcfen^ 
and  th«  IhnwhoMs  were  occupied  by  picturesquo  gronpik 
Some  of  IJie  men  were  very  fine.  We  saw  many  ttiaif^l, 
manly  fetlowH  who  mii»i  lutve  IxH^n  »x  fc-ei  foiir  in  hriglit. 
They  passed  us  with  perfect  indifference,  evinciug 
anger,  suspicion,  or  ciuioeity,  hardly  caring  in  lact 
glnDce  at  \tt  ax  wo  paKfed.  In  ono  instance  only  d 
my  stay  at  Oran  wa«  I  vpoken  to  by  an  Arab.  Ho  was 
tall,  good-hiimoured  fellow,  who  e»roc  itmiling  np  to 
and  muttered  something  about  'lea  Anglais.*  The 
population  of  Oran  is  picturesque  in  the  highest 
tho  Jcwt,  rich  and  poor,  varying  in  Uieir  costumes  as 
wt^ntth  %-aries;  Oie  Arab*  more  picturrwpie  rtill,  and  oC 
shades  of  complexion — the  negroes,  the  Spanianb,  t 
French,  all  grouped  U^tber,  and  etoch  proacni-ing  th- 
awn  individuality,  formed  a  picture  inteowly  int«: 
to  me. 

On  TncMlay,  tbo  20th,  i  was  (uily  at  tb«  liastioneL 
The  night  had  been  very  squally,  Tbcwr^-rant  of  the 
sappers  took  charge  of  our  key,  and  on  Tae"'--' 
EUiot  went  for  it.  He  brought  Inck  (he  i»t 
tile  tents  had  Iwcn  blown  down,  and  the  instruuitnw  a' 
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B|nKi^^7iw>ng  theea  viu  a  Inrgu  uni.1  valiuible  «<iuato- 

^■UjJitira  Uic  Royai  Olwcrrulory,  Qn-^nvrich.     It  Mvmed 

BKnilj  pomiblc  tbttt  thtti  iorinimcot,  with  itfl  wliewls  and 

HtttiKn  and    ilcliuat«  »Ijii<1.mi-nL(,   could   hare  eftcajied 

B  icitijuTcd  from  tiucb  a  &i)l.     This,  however,  waa  the  ease ; 

I  ml  dunii^  tiifl  day  all  the  overturned  instntroentg  were 

■Mwed  to  tbeir  places,  and   found   to   be   ia  practical 

B>Mkin^  cmlcr.     Tbia  and  the  foUawinji;  dav  w«re  devoted 

I  l<  bocssant  sL-hooling.     I  bad  como  out  a«  a  gcii<;ral  xlar- 

I  not  wilb  the  intuntino  of  devoting  myself  to 

■  .nation  of  any  {Kulicidar  phtrnoinfiion.     I  wished 

'   titc  wlmte— tli«  lint  cmt^ict,  the  advaac«  of  the 

!  tbe  successive  swallowing  up  of  thi;  solar  ^pi>tt<, 

....    i,.c.«ia^  of  the  last  line  of  crescent  by  tbu  lunar 

I    Oooiitatns  into  Bailey's  beadt,  the  advance  of  the  itltadow 

I  ftrongb  (he  air,  th«  npprarunvo  of  the  (K>rona  and  pro- 

fflinencea  at  the  moment  of  totality,  the  radiant  streamers 

bftlH  comna,  tlicinUmial  ittructtue  of  thefiamef<,aglance 

UiioiTgb  a  imluiiNcnfX!,  a  sweep  round  the  landscape  with 

the  nalctnl  eye,  the  reappearance  of  the  solur  limb  through 

Balley*s   ln-aiU,  and,   finally,   the    retreat    of  the  lutiur 

ihadnw  through  the  air. 

1  was  provided  with  a  telescope  of  ad miraUo  definition, 
noantcd,  adjusted,  packed,  and  most  liln-ndly  placed  at 
my  diapoaal  by  Mr.  Warren  De  ia  Rue.  Tliu  teloswapn 
gnujit^  the  whole  of  the  mm,  and  a  ciniiideralile  portion  of 
Ihe  fiace  Rurrouiuiinff  it.  But  it  would  not  take  in  the 
i-xtrtune  limits  of  the  corona.  For  this  1  had  lashed  on 
to  the  large  tdeecope  a  light  but  powerful,  inrtniraent, 
n>n*lnicted  by  Ross,  and  lent  to  mo  by  Mr.  Huggins.  I 
wu  also  ftimishcd  with  an  excellent  binocular  by  Iklr. 
pallmeycr.  In  tnci,  no  man  eoidd  have  been  more 
efficimtly  lupport^.  U  required  a  strict  parcelliog  out 
nf  tb«  inturval  of  totality  to  embrace  in  it  tbo  eoUre 
■idsi  of  obaervations.     Tliese,  whUc  tbo  >un  remained 
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TJdblr,  wen  to  bo  mud^  with  an  nnfdlvered  diagonal 
piooe,  whfob  reflected  but  a  sxaaM  fraction  of  the  9tal\ 
ligiit,  this  fraction  being  etiU  fnrthor  toned  down  bjr 
dark  glass.  At  th«  moment  of  totulily  tlic  dark 
waa  to  be  removed,  and  a  silver  reflector  puthvd  in,  so  . 
to  gvt  tbo  maximum  of  light  from  th«  corona  and  pro* 
inincnccf.  Tlt«  timn  of  totality  waa  di]itribut«d  aa  fol- 
lows: 

t.  Olacm  <ip{iro*ch  of  A^a«  tbrao^lh*  sir:  taUlBf. 


S.  TvlaMop*    . 

.    MwcmmW. 

8.  Fixlrf 

.     aOMCondk, 

i.  Itoublo  imiigc  pritB 

.     ISBMOiida. 

S.  H*k«a  •jti  . 

.     lOnmoil*. 

0.  Flader  oc  tddotitl«r 

.    30  tMcadfti 

7.   TeUKOfK      , 

.     iOtwit. 

B.  Olmrvn  nitr««t  of  tludMr. 

In  our  rohearsala  Elliot  stood  beside  me,  watcli 
hand,  and  fiin)i«h«d  with  a  lantern.     Ho  called  out  at 
end  of  each   interval,  while  I  moved  ^m   telescope  to 
finder,  from  Bnder   to  polariaoope,  from   polarifcopc  to 
naked  eye,  from  naked  eye  back  to  finder,  from  finder  to 
t^escope,  abandoning  the  instrument  finally  ia  obmirro 
the  retreatinj;  shadow.     All  this  we   went  orer  tw«nt 
tiinvR,  while  looking  at  the  actual  sun,  and  keeping 
in  the  middle  of  th«  fu-ld.     It  wu  my  object  to 
the  repetition  of  the  le«ton  ao  ntechanical  as  to  Icaro  ' 
room  for  flitrry,  forgctfulnesa,  or  exoitemcnt.     Volit 
was  not  to  be  called  upon,  nor  judgment  excrciivd,  but  i 
wcU-bealen  path  of  routine  was  (o  be  followed.    Had 
opportunity  occurrvtl,  I  think  the  programme  would  liavj 
been  drictly  carried  out. 

But  Ihu  opportunity  did  not  occur.     For  Gereral  days 
the  wc-nther  had  Ixien  ill'-uaturcd.     We  hod  wind  to  strong 
aa  to  render  the  hawsers  at  the  litem  of  the  *  Urgent '  w^t 
rigid  aa  iron,  and  to  destroy  the  navigating  l!otitenan^| 
sleep.    We  bad  douds,  a  thnnder-storm,  and  aome  raia^ 
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Still  the  [ii>jx<  was  Iivkl  out  tliat  tbc  atmoeplicn!  vould 
elcaaw  itMlf,  nod  if  it  did  wc  wcrv  [irumi^t-'l  nir  of 
otnionjtiiary  liinjii'diiv.  I-^ly  tm  tba  22nd  we  were 
ail  At  our  ]n>ii3.  SpiK-'cs  of  Hue  in  the  early  moniinj; 
gave  U9  EMOie  em^ourajjemoot,  but  all  depended  on  tlw  re- 
iatioti  of  these  sjjacee  to  tho  Eurroundinif:  clouds.  Which 
of  lh?m  were  to  grow  as  the  day  advanced  ?  The  wind 
tnas  high,  nnd  to  sccan'  the  steadiness  of  my  instrument 
I  was  forced  to  retreat  behind  %  projection  of  tho  bostionvt, 
place  (tonea  upon  ita  stand,  and,  further,  to  avail  myaelf 
nf  the  shelter  of  a  saiL  My  practised  men  fastened  tho 
mU  at  the  top,  and  loaded  ti  «ith  bouldejs  at  the  bottom. 
It  was  tricil  severely,  but  it  stood  firm. 

The  uloudu  and  blw!  «pae<»  fought  for  a  timo  wJth 
rarying  tiiccvsM.  The  ruu  was  hidden  and  revealt^  at  in- 
!^,  hope  oscillating  in  synelironism  witli  Uiu  changeit 
..;  i:.^  sky.  At  the  moment  of  first  contact  a  dense  cloud 
mtenrBned;  bat  a  minute  or  two  afterwards  tlie  cloud 
had  pnMC-d,  and  the  oncroachmcmt  of  tho  black  body  of 
till!  moon  was  evi<lent  upon  the  ttolar  dink,  Tho  moon 
manshnl  oowan),  atui  1  saw  it  at  frequent  interval*;  a 
large  (rroup  of  spota  were  approached  and  siwalloired  Dp. 
Subeequenlly  I  caught  fiffht  of  tho  lunar  limb  as  it  cut 
tbroogb  tho  middle  of  a  large  t^ot.  The  Epot  was  not  to 
he  di«Unj^iit>}ied  from  the  moon,  but  rwn  llkt;  a  mountain 
above  iL  The  clouds,  when  thin,  could  bit  eeon  as  j:^y 
■end  drifting  across  tbo  black  surfaoc  of  tho  moon ;  but 
they  tfaickvned  more  and  more,  and  mad«  tho  int<trvaU  of 
cli'amess  scantier.  During  Uicae  monwnt^  I  watched  with 
on  itit^'rcAt  bordt^ring  u[kiu  fiwoination  the  march  of  the 
nUfT  Ntekle  of  Uie  sun  aerow  tho  field  of  the  telescope. 
I^  -  '    -      ">l  KO  beautiful.     No  trace  of  tho  lunar 

h  acd  beyond  the  sun's  boundary.     Here, 

indeed,  it  could  only  Im  relieved  by   tJio  corona,  wlneh 
«M  utloriy  cut  off  by  the  dark  glas.     Tho  blackness  of 
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tb«  moon  beyond  the  Biin  was,  in  &ct,  ooafoimdt^d  wiUi 
tbe  btsck]>e«a  of  space. 

£eeidfl  ma  wiu  Elliot  witli  tbe  watch  and  latiLt'm,  ■KhUe 
Lieutenuit  Arclicr,  of  Uin  RoTal  En^iovi^rs  Imd  tti<-  kind- 
n«is  to  take  charge  of  my  Dot»-book.  I  mcntioniHl,  wd 
be  vnle  ra^tidly  down,  such  tilings  aa  seemed  worthy  of 
omembrance.  Tbus  my  bands  and  mind  were  cntii'-ly 
Ffree ;  but  it  was  all  to  no  purpose.  A  patch  of  suntigbl  ft  11 
nod  rested  upon  tbe  landscape  Bome  mileg  away.  It 
was  the  only  illumuiatcd  spot  within  view.  But  to  tbs 
north-west  tbcro  was  slill  a  qncc  of  blue  which  might 
reach  va  in  tjmo.  Within  wren  minutes  of  tjitatity  an- 
otJwr  spaco  toward*  the  wnitli  became  rerj  dark.  T1i« 
atmosphere  wm,  as  It  were,  on  the  l>rink  of  a  precis 
pioe;  it  was  charged  with  humidity,  which  required  hut 
a  slight  chill  to  brinp  it  down  in  clouds.  This  was  fur- 
nisbod  by  tbo  withdiawal  of  tl>e  solar  bi-ams ;  tho  clouijs 
did  come  down,  oovering  up  the  space  of  blua  on  which 
OUT  liopes  bad  so  long  rested.  I  ahaodoned  the  t«]rscopo 
and  walked  to  and  fro,  like  a  caged  leopard.  Ait  Uve 
moratint  of  totality  approached,  tbe  descent  towards 
daikness  was  as  obvious  as  a  falling  stone.  I  looked 
towaids  a  distant  ridge,  wh<trc  the  darkness  would  first 
appear.  At  the  montent  a  fan  of  beams,  issuing  from  the 
bidden  sun,  was  spread  out  over  the  southern  heavens. 
These  beams  are  bars  of  alternate  light  and  shade,  pro- 
duced in  illuminated  haze  by  the  sfaadows  of  Soating 
cloudlets  of  varying  density.  The  beams  aro  practically 
parallel,  but  by  an  effect  of  perspective  tfaey  appear  diver- 
gent, having  tbe  tun,  in  fiict,  for  their  point  <>f  convcrir- 
eooe.  Tbe  darkness  took  posseesion  of  the  ridge  rvforrcd 
to,  lowered  upon  Af.  Jaosscu's  obaervatory,  passed  over  the 
Bouthero  heavens,  blotting  out  Uio  beams  as  if  a  spongQ 
had  been  drawn  aeroes  them.  It  tbon  took  posseasion 
three  spaces  of  blue  sky  in  the  soutb>castem  atjoospbe 
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1  Again  looked  towards  tfae  ridge.  A  glimmer  as  of  day- 
dawn  was  bchii>d  it,  sad  imnK-dtately  afterwards  tfae  (aa 
ttf  beun*,  wbich  Itml  bcvii  for  tnoru  tlian  two  mmutes 
•bteal,  rcvivwi.  Tlii;  eeUp«e  of  1870  bad  ended,  anil,  lu 
Cu  a*  the  corona  was  concerned,  we  bad  been  deGeatdd. 

KvuD  ID  lliQ  heart  of  the  ccli]>se  the  darkness  was  t>y 
no  mcanG  pcrfixt.  Saudi  print  cotdd  1>o  read.  In  fiictt 
the  cIoiKi«  wliicli  rendered  tbe  day  a  dark  ono,  by  scnt- 
tering  ligbt  into  tlie  ebadow,  rendered  tlic  darkness  Icm 
JBteitse  than  it  would  bave  been  had  tlie  atmoapbera  been 
wUiunit  cloud.  In  the  more  open  spaces  I  sought  for 
•bull  but  could  lind  oone.  There  was  a  luU  in  lliu  wiud 
befom  iuhI  aft^^r  totality,  but  during  tbe  to^Hty  the 
wind  wajt  Ktrnog.  I  wait<.-d  forioia«  tiiiu:  on  tli>!  baotionet, 
hoping  lo  g<:l  a  glii»[)3e  of  the  moon  on  the  opposite 
bi>nler  of  tbe  sun,  but  in  vain.  The  cloud?  continued, 
and  some  rain  fell.  Tlie  day  brightened  somewlint  after- 
warde,  and,  haviug  packed  all  up,  in  the  sobor  twilight 
Hr.  Croiikcs  and  myeclf  climbed  tlic  heights  above  tbo 
(set  of  \vn  Crux.  From  this  emineoco  we  had  a  very 
BDble  view  over  tbe  llediterranean  and  tbo  flanking 
Afii-aQ  hills.  The  ffunset  was  remarkable,  and  the  wbolc 
j.iii  'ok  exceedingly  fine. 

Tbe  able  and  wetl-instructed  medical  officer  of  the 
'  Urgent,'  Mr.  Goodman,  ohecrved  tbo  following  tcmpcru- 
tofea  during  (hu  progrou  of  the  eclipse : 


ll*Br 

Dt- 

Hrat 

I><l|. 

II.M 

s« 

13.13 

ii 

ii-jia 

.       M 

I.S 

61 

IS.IO 

St 

I.I7 

B3 

1117 

.      ft3 

1.14 

H 

1S.39 

.      iZ 

9.10 

6T 

The  minimum  temperature  occurred  some  minutes  after 
totality,  wbeu  a  eJigbt  nin  fell. 

The  wiud  waa  so  ttrong  on   the  23rd  tliat  Capt.iin 
would   not   venlure    out.     Guided    by   Mr. 
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I  visitiMl  a  L-ave  aooopod  into  m  remarkali 
'ib&lBd  of  sbell-breocia,  and,  tbanks  to  luj  ^de, : 
ffpecimonii.  Mr.  Uuak  infonns  me  Uut  a  precisely  simila 
breccia  is  foitsd  at  GibmlUr,  at  Bpproximat.>ly  tbe 
level.  Durini;  tbe  aflervooa,  Admiral  Omtiiat>cj  sni 
myself  drove  to  the  fort  of  Mum  el  Kibir.  Tho  foiii^ 
ficslion  is  of  ancient  origin,  (ho  Moorish  orclit^  hcin^  slitl 
IlioTc  in  dvcnjr,  Init  Ihu  fort  is  now  very  atrong.  Abuul^J 
four  or  five  humlrvd  fine-looking  dragoon*  were  lookii^H 
afW  their  liontea,  waiting  for  a  lull  to  enable  tliem  to  ■ 
nnkark  for  l-'rance.  One  of  their  offioera  was  wand>^ 
ing  in  a  very  solitary  fiuhion  over  the  fori.  We 
some  conversation  with  him.  lie  hud  been  at  Sedsn, 
hud  been  taken  pri»oner,  but  had  effected  bis  escape.  He 
iiliuok  bis  head  when  ve  spoke  of  the  termination  of 
war,  and  predicted  its  long  continuance.  There  wa 
biltcrnm  in  bit  tone  a»  he  spoke  of  the  charge  of  trcnaott^ 
BO  liglitly  levclle^l  against  Freooh  commanilcni.  Tho  given 
wav(.4  raved  round  tlie  promontory  on  which  the  fort 
Ktandx,  smiting  the  rocks,  breaking  into  foam,  and  jump- 
ing, after  impact,  to  a  height  of  a  liuodred  feet  and  mon 
into  the  air.  On  our  rctitrn  our  veliicle  broke  down 
through  the  toss  of  a  wh«cL  The  Admiral  went  on  bon 
while  I  hung  long  over  the  agitated  sea.  The  lit 
horses  of  Oran  well  merit  a  passing  wont.  Their  »f 
and  endurance,  which  are  botli  heavily  drawn  upon 
tbcir  drivers,  are  extraordinary. 

The  wind  eiuking,  wo  lifted  anchor  on  tbe  84tb.    For 
como  hount  wn  went  ploasantly  along;  but  during  the 
afternoon  the  storm  revived,  and  it  blow  heavily  againrt_ 
ua  all  the  night.    When  we  came  oppoeite  the  Bay 
L  Almoria,  on  the  25th,  the  captain  turned  the  ship,  an^ 
rMcered   into  the  buy,  where,  under  the  Bbadow  of  tb 
Siern  Xevada,  we  pawed  Christmas  night  inpeaoe.    Ke 
morning  '  a  roae  of  dawn '  rested  on  the  snows  of  tbe  nif^ 
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jseont  tnouotains,  wliUo  n  purple  haz«  waa  spread  over  Lie 
limvr  bilU.     I  liod  no  uotion  tliat  Spain  possessed  so  lino 
range  a(  mtMuUiiai  tu  tliu  Sierra  NovadiL     The  height 
cunsidenkbltf,  litiL  tliv  funn  aluo  is  sticfa  ii«  to  get  tti 
um  of  grandctur  out  of  tli«  ln-igliU     W<i  weigbod^ 
uiotior  at  eight  a.u.,  passing  for  »  time  through  shoal 
«at«r,  thu  bottom  having  be«n  evidenUy  atirrod  up.     Th« 
adJACctit  hiod  s(-<rmc-d  orodod  in  a  remarkable   manner, 
baa  ite  floods,  which  bxcaviite  tbcM  valleys  and  mvine^j 
it  leave  those  singular  ridgc^ii  bvlund.     TowariU  evening ' 
I  clirabt'd  the  mainmast,  and,  iitanding  on  the  criMs-trcvs, 
saw  tbo  WD  set  amid  a  blaxe  of  Bery  clouds.    The  wind 
Hu  strong  and  bitterly  coldf  and  I  waa  glud  to  elide  tO'i 
the  dtrcic  along  a  rtipc,  which  stretched  from  the  mast-head' 
tiie  ship's  side.     That  night  vo  cast  anchor  Ix'sidc  the 
rtic  of  Gibraltar. 
On  the  moniing  of  the   27tb,  in  company  witli  tvo 
Js,  I  droTo  to  tJio  Spanish  lines,  with  the  view  of  seeing 
e  PK-k  friim  Uiut  side.     It  is  KD  eioeodingly  noble  maaa.L 
I'lauiusiilur    and   Oriental  omi-boqtb  bul  been  sig-| 
Dolled  and  had  oomc     Heavy  duties  oallcd  me  homeward, 
and  by  transferring  myself  from  (he  ■  Urgent'  to  the  mail- 
er I  sliould  gain  three  days.     I  hired  a  boat,  row«d 
the  steamer,  learned  that  she  was  to  stjirt  *t  ouc,  and 
,uincd  withall  epoed  to  tli«  '  Urgent,'    flaking  knowAJ 
Captain  IleDdcrMU  my  wish  U>  get  away,  he  expressed' 
<ab(a  as  to  the  posiibiUty  of  reaching  the  mail-at<:amer 
time.      With  his  accustomed  kindness,  be,  however, 
ilaood  a  lioat  at  my  disposal.     Four  hardy  fellows  and  one 
the  ship's  officers  jumped  into  it ;  my  luggage,  hastily 
rown  logi-thcr,  was  tumbled  tn  aflervards,  and  we  were, 
icdiatt-ly  on  our  way.     We  had  nearly  four  miles  to' 
in  about  twenty  minutes ;  but  we  hoped  tlio  mall- 
t  might  not  lie  punctual.     For  a  time  wc  watohcd  her 
:iuuily  i  there  was  no  motion ;  we  came  nearer,  bub  the 
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mk  ^al  V"*-*  in.     Tii«  men  put  forth 
uaamtbad  Vj  the  exltoTtettoDa  of  ttio  officer^ 
TW  lOTifkHW  of  tbo  BOB  nad«ared  th«ir 
■■•  olaat  anptoiy:  still  w«  msre  ntpidljr  ap- 
iIm  itMMBv    At  letigUi  «be  moved,  puacttul_ 
aliaMt  to  the  mwi^*,  at  fine  alowlT,  but  shod  with  qtiich 
pKA,    We  tioaed  to  tfae  kA,  m  aa  to  cut  acroM  he 
Ft««  nnale^  poll  irould  bare  brought  us  up  tu 
Tht  officer  varad  his  cap  acd  I  m;  bat.     *  If  tbeyfl 
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ca^  «•  oi,  tbof  ni^  back  to  lu  in  n  moment.' 
'  did  aot  aM  oi,  or  if  tbe;  did,  tWy  pai'l  no  at- 
to  Ob     I  retained  to  tba  *  ll^eut,'  dtacomiii 
bat  Kntefal  to  the  fine  leQam  «bo  bad  wrought  bo 
to  euiT  eat  tn;  wiAeb 

Gbd  of  the  quiet,  tn  the  aobcr  oftiirnooa  I  took  a  walk 
lowwdt  Eon^  Faint.    Tbe   tkj  darkeDod  and   heavy 
•qaaOa  pfeed  at  interrab.    Private  iheatricala  were  at 
the  Ooareot,  and  the  land  and  coart«oua  Goremor  bad 
Mat  cards  to  the  eelipas  partr.     I  failed  in  my  duty  in 
not  ^iag.     SL  MJchaJt  CWvc  is  said  (o  rival,  if  it  dnee 
not  outrival,  the  Uatninoth  Oi««  of  Kcntiickj.    On  thi 
S'^tli  Means.  Cnwkes,  Chipenhtr,  an)  mv^df,  guided  bj 
miiitanr  policeman  who  onderttood  liix  work,  explored  tbi 
cavern.     Tbe  tnoutb  is  about  1,100  feet  above  tbe  hb. 
We  aigxAj^cd  up  to  it,  and  first  were  led  iDt4t  an  nperturi 
in  tbe  rock,  at  some  height  aoove  the  true  entnuioc  of  tbi 
care.     In  thik  upper  oarcm  wc  nv  some  toU  and  beaiiti 
ful  stalactite  pillars. 

The  water  dripa  from  tbe  roof  cbargrd   with  hi 
bonale  'of  lime.     Expoaed  to  tbe  air,  the  carbonic  ari< 
paitiall;  ocapcit,  and  ihr  simple  carbonate  of  lime,  which 
i»  hardljr  at  all  sulublv  iu  water,  depotits  itaelf  as  a  solii 
fonaing  stalaiHites  and  Kta1agniU!s.     Even  the  ex 
of   cbaUt  or  Umeetone  water  to  the   open  air  partial) 
•odens  it      A  specimen  of  the  Redbounii*  water  ex 
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by  MuwTH.  Graham,  Miller,  and  Hofmann,  in  a  ithiillow 
bturin,  fell  from  viglitcea  dogrm*  la  nine  dc^rMS  of  hnrd- 
orw.  Tlie  toflt^nin^  process  of  Clark  is  virtually  a  lino- 
teuiog  of  the  natutui  process.  Here,  however,  instead  of 
beiiifr  pennitted  to  evaporate,  half  the  carbonic  acid  is 
sppcopriaUMl  by  lime,  the  half  thus  takun  up,  in*  well  oa 
tfa«  rctnaining  half,  being  prMipitutvd.  Tho  wilid  pre* 
dp;(at«  ill  permitted  to  Hink,  and  the  clear  supernatant 
liquid  ii  limpid  soft  water. 

We  returned  to  the  real  mouth  of  St.  Michael's  Oave, 
which  is  imtcrcMl  by  a  wicket.  The  floor  wan  oomcnrhat 
miulrly,  and  Ui«  roof  nnd  walls  wvie  wt-t.  We  were 
Soon  ia  the  midst  of  a  natural  t^jnipW,  where  tail  eolunin* 
^muig  complete  from  door  to  roof^  while  incipient  coiumnB 
were  growing  to  meet  each  other,  upwards  and  downwards. 
The  water  which  trickles  from  the  stalactit<!,  after  having 
in  part  yieMod  up  ita  carbonate  of  lime,  fills  upon  the 
floor  vertically  uDdemcalb,  and  there  builds  the  ftiLliig- 
milc.  Coiwcquently,  the  pillan  grow  from  almve  and 
licUiw  •imultaueoui'ly,  along  the  same  yertioal.  It  is  easy 
to  distinguish  the  stalagmitic  from  the  etalactittc  portion 
of  Lbe  pillars.  The  former  is  always  divided  into  short 
aegmeots  by  protuberant  rings,  as  if  dopoeited  p(irii>di- 
eally,  while  tbe  latter  presents  a  uniform  sur&oe.  In 
some  cases  Die  points  of  inverted  cones  of  r^alactite  rested 
on  tbe  ccntri^  of  pillars  of  ttalngmito.  Tho  proccM  of 
Bolidificatioo  and  the  architcoture  were  alike  beiml.iftd. 

We  ftdlowed  our  guide  through  varimu  branches  and 
•nni  of  tlie  eave,  climbed  and  descended  steps,  halted  at 
ibo  edged  of  dark  shafta  and  apertures,  and  squeeeed  our- 
■dva  through  narrow  passages.  From  time  to  time  wo 
luUted,  wbiio  .Mr.  Crookos  illuminated  with  ignited  rao^ 
nnium  wire,  tLo  roof,  columns,  depeitdent.  spean,  and 
graceful  drapL-ry  of  llie  Maliictites.  Onoc,  ciming  to  a 
cent  cluster  of  foicle-ltke  fpeara,  we  heljitd  <>iir> 
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Irm  U>  spednuoB.  Tb«ra  wu  •ome  difTicuHr  in  ' 
Flog  tfae  more  Hfli^'Bt*  oom,  Ibeir  fngilUy  wiu  »o  gint- 
A  eooecioiiflDcai  of  twidaliiia,  wbidt  amota  me  «i  l)» 
tiax,  hauDts  mo  vlill ;  for,  though  our  requiatioiis  m" 
moderate,  tfaii  be&uly  ought  not  to  be  at  all  inradtd- 
P<-Q(irat  {mm  th«  TOoU  to  tlwir  luUunil  ItablUt,  DoUiiig  . 
OKD  exc«cd  tJwir  delicate  boaut; ;  (licy  li>^  aa  it  were. 
■mrooDded  by  organic  oonocctiotu.  la  LoodoD  they  are 
cariooB,  bat  not  bvaulifnl.  Of  gathered  slidle  KmciHii 
write*; 

I  «ip J  avkjr  (L<  vomIb  mid  turn. 
And  bra^bt  017  MA-bon  tWMigw  bMM: 
But  tfca  poor.  nanffiHij,  neiwmiB  tiling* 
Hail  Wft  thalr  Wnljr  uo  Uw  Am*, 
yfak  ik*  nn,  uid  lb*  Mad,  and  tfcc  mU  apfaa 

The  promontory  of  Gibralt^ir   is  so   biirrowud 
caTPras  that  it  has  been  called  the  Hill  of  Cavi^ 
are  apptirctttly  rclut«d  to  the  geologic  diitttirbances  which 
th«  lock  biiM  undcrgoDo.     The  uuUut  of  t)>c50  ts  tlie 

,  tilting  of  Uie  onoe   horizoat^  aliata.     Siii>poM:  a  foi(«_ 
it  tonioQ  to  aei  upon  the  piomontory  at  it«  fli)utht;ni  exr^ 
trcinity  near  Kuropa'  I'oint,  and  suppose  the  rock  to  be 
of  a  partially  yielding  character :  sucb  a  force  woutd  twiEl» 

Eihe  etrata  into   ecrew-iiiirlacee,  the  great^ei  amouut  o^ 
twisting  b«ing  endured  near  tbo  point  of  application  of   ' 
the   force.     Such   a   twisting  the   rr>ck  appcan  to  have 
fiUlTercd;  but  instead  of  the  twist  fading  gradual  1;  aod 
uniformly  off,  in  paanng  from  south  to  oorllt,  the  »aut 
of  uniformity  in  the  material  hoe  produced  lines -o^|^h 
luvution  whore  tbvre  aro  abrupt  chaiigos  in  the  ao^^^l 
of  tn-i.it.     Thus,  at  Uie  nortJieni  end  of  tbo  rock  the  dip 
to  the  west  is  nineteen  d«^c« ;  in  the  Middle  Hill  it  i* 
Ihiity-eight  degree* ;  iu  the  0(riitro  of  the  South  llill,  or 
8ugar  Loaf,  it  is  fifty-eevea  degreo.    At  the  southern 
extremity  of  tlie  Sugar  Leaf  the  strata  ore  vertical,  whila 
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the  goaUi  they  actually  tuni  over  and  dip  to 
llbt  euU 

The  rock  is  thus  divided  into  three  sections,  soparatod 
1  &m  «oh  othvT  by  places  of  dislocation,  where  the  strata 
I  Ve  tnneh  wrenched  and  broken.  I'hcrc  aro  called  the 
Xirthcni  and  Soatlivni  Qiwlinuia,  from  Iho  Spanish 
'Titna  Quobrada,'  or  broken  ground.  It  i.i  at  Ui<:««, 
I^et*  that  the  inland  caves  of  (iibraltar  are  uttDtMt 
tnliajre]y  fbiUKi.  Based  oo  the  obserratioDa  of  Dr. 
filowcr  and  himsolf,  an  eicx-lk-nt  and  moet  jntorestin;; 
Mmiut  of  these  cavest  and  of  the  human  roinainti  and  works 
<'«(  which  tb«;  contain,  was  conimiiinnitnd  by  Mr.  Busk  ' 
;  lo  the  mecliug;  of  the  Coagreas  of  Prehiitorio  Arclueology 
i>t?fanricb,  and  alUrirarda  printed  in  the  '  l^ransactioni ' 
I  ^\tc  CongreM.)  Long  subsequently  to  the  operation  of 
|tt>  twisting  force  just  referred  to,  tho  promontory  imder- 
mriouM  changes  of  IotcI.  There  arc  sca-terraoea  and 
f Uytn  i>f  ■hfll •breccia  along  its  flank*,  and  numerous  caves  ' 
tfaicb,  unlike  the  inland  onus,  are  tlie  product  of  maiioe 
^rosioQ.  The  Ape's  Uill,  on  the  African  side  of  tho  strait, 
ilr.  Iliuk  informs  me  has  undergone  similar  distuibaiices.* 

In  tJio  h&ilxnir  of  Oibrnltar,  on  the  morning  of  our 

opuUiTG,  I   resumvd   a  neritis   of  ohMmntiona  on   tho 

DUr  of  the  sea.     On  tho  way  out  a  number  of  8poctnu;ns 

been   collected,  with  a  view  to   subsequent  cxami- 

ioo.     But  the  bottles  were  claret  bottlee,  of  doubtful 

At  Gibraltar,  therefore,  I  purchased  fifteen  white 

boltlex,  with  ground  ghus  stopper*,  and  at  Cudiat, 

inks  t<i  th«  frii-o'lly  guidance  of  Mr.  Cameron,  I  se- 

>  In  Ui<*  •Mn;  Mr.  B»k  nUn  Ut  the  pvrioiM  Ulionn  of  Mr.  fteilb, 
'  JiaiUn  inU.  la  wham  ««  <m  bumI  ttt  our  koovtcdga  ot  (h*  tpoyogj  «f 
itwk. 

■  Ko  nea  can  li**  rriis  tin  paruvU  ot  Ur.  Buk'a  pafxr  willioat  »  • 
Imlimg  at  wimr^Hao  Le  thu  prionpal  duKonvr  ual  taMkligsbU  •>•  [ 
|ilanr  of  tb«  Gilinlliif  oiw.  tlw  late  OipUia  Preitntk  Bitm*. 


«e 


^ 


cored  •  dotes  num.     Tliece  Hven-Aiid-twaDty  botU^I 
mn  SRed  «ith  mtn^  taken  at  difltenail  places  be4w«e<i 
Omi  and  SpttbewL 

Aad  ben  let  nw  eiprc«  my  wanmsA  scknowle^KitirtU 
to  Oqitain  HeBdotos,  tha  nommanHir  of  H-lkLS- '  Urgent,* 
vbd  aided  Be  m  taj  obaervatjona  in  every  jwesiUe  mrF' 
iDdeed,  my  thanks  lie  doe  to  all  tfao  officers  for  Omt 
imfiulitig  courtegy  aad  helpi.  Tb«  oaptaio  placed  at  ny 
duponl  fii>  own  Dozswain,  an  inteUigent  fetbw  named 
Thorogood,  wbo  skUfuUv  attached  a  cord  to  melt  botde^ 
vdglitcd  it  wltli  l«d,  east  it  into  the  aca,  aod.  after 
three  meoearive  rinsitigs,  filled  it  ntider  my  own  vne. 
The  contact  of  ji^^  buckets,  or  other  TeaeoU  was  thu  , 
avoided ;  aod  erca  the  oeeoeiiitT  of  pouring  out  the  water,  j 
aft«rwatds,  through  the  dirt}'  London  air. 

The  mode  of  ezamioalioa  applied  to  tbe»t<  biiUlcs  luwj 
been  already  described.'     The  liquid  is  illuminatwl  by  < 
powerfully  condensod  beam,  it«  condition  being  reroale 
throug))  the  light  Mattered  by  ita  saspendcd  paiiichs.} 
'  C^e  is  taken  to  deCmd  the  oye  fiom  the  access  of  all  other] 
light, and,  thus defSemled,  ftbeeonvsanorganof  inconMtv-| 
aMcdcliocy.'    Werewaterofuniformdi'-nrityperiectly  I 
frum  fiiispi-iitiM]  inAtter,  it  would,  in  m_v  opinion,  Katterl 
no  light  at  all.   The  track  of  a  luminous  beam  ooulil  not 
eeeo  in  such  water.  But  *  an  amount  of  imparity  ao  infinit 
Kimnl  us  to  hv.  scarcvty  expressible  in  numbera,  and  tb 
iii(livi<liuU  p.-LTticles  of  which  ari-  so  unall  ns  wholly 
cludH  the  mieroocope^  may,  when  eiaminud  by  the  metho 
alluded  to,  produce  not  only  sensible,  bat  striking,  effect 
upon  the  eye.* 

The  results  of  the  examination  of  nineteen 
fiUixl  at  various  places  between  Oibraltar  and  ftpit 
arc  ben!  tabulated : 
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Oaggaroiete 

AppvBfiAC*  Id  tjiuiidoou  Vhbi 

n 
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W 

MteilUrUatear.    .    . 
«f<MM*I>tMt  .    .    . 

ac««  .  .  . 

VB4«Unl.    . 
CMaM-tU*    . 

DrliktBn'B  - 

DMpbrftga    . 
SuoBccnw  ■ 
l»<Ur>   .  .  . 
CnketdM.    . 
BtHkilndltgii  . 
butba    .    .    , 
turkciMB     . 
Ytl1w.«nB . 
<lmo    .   .   . 

BtUl  tUct.  but  1>H  H 

Uofh  puiw  tZdu  ?<o.  G 

Ki^xkiIukI^  thliA 
Tlrt£k.trulla-» 

Macb  l-B  UUsk 

TwT  UEll>  muter,  iwr  pan 

lliitt,  wiOi  flnc  dMtK 

VoT  ">f<  nkUB,  pun 

LiaaBun 

VtcrVula  oxHir,  mT  pun 

VvT  fin*  Diaua.    Iil  !■  ■»! 

1  geod  dMl  ol  nMwr 

TmnBltntmOB 
fi,  iiHijM  aiiMfwua  a 

u4VIb«M.    . 
Otlh»lluiWi|n.    ■ 
Bnowl  Ob  Bnrtl^ 
iliroro  WUmiii 

II»*(IHkiu     •    . 
Of  IMuU    •    ■    ■ 

aseLOtfiAB^i. 

Bov  wa  bare  tbree  flpeeimoos  of  water,  describtKl  as 
|gncD,a  deaior  green,  sod  bright  green,  taken  in  Gibmltor 
Hutioiir,  at  a  point  two  miles  from  the  harbour,  and  off 
Oibrcia  Point.  The  home  csamination  uliowfd  the  lirst 
to  be  thick  with  nisponded  matter,  the  seound  li»i  (Jiick, 
utd  the  tliird  Ktill  lets  Oiick.  Thus  the  green  hri^htenod 
u  the  nupnnded  matter  dimioisbod  in  amount. 

PreyiouB  to  the  fourth  obser^-ation  our  G]c<;cll<-iit  lutvi- 
gatittg  lieutenant,  Hi.  Brown,  steered  along  the  coast-, 
tl>tui  avoiding  the  adverte  ourrcmt  which  set«  in,  through 
Uie  Suait,  from  the  Atlantic  to  the  Me<lit«nraii«aD.  Ha 
«M  at  length  forced  to  croas  the  boundary  of  the  At- 
hDtic  current,  which  was  defined  with  extraordinary 
sbsrpnen-  Ou  tho  one  tide  of  it  tlie  water  was  a  vivid 
green,  oo  tJie  other  a  deep  blue.  Standing  at  the  bow 
of  tile  ihip,  a  bottle  coidd  be  filled  with  blue  water, 
while  at  tho  nine  moment  a  liottle  east  from  the  stem 
eould  be  filled  witli  green  water.  Two  boUle*  were  ae- 
cured,  one  on  each  eide  of  this  remarkable  boundary. 
Id  the  distance  the  Atlantic  had  the  hne  caUcd  ultra- 
marine ;  but  looked  liiirly  down  upon,  it  wm  of  almost 
inky  blacknew — black  qualified  by  a  Uwx  of  indigo. 


ta 


rsAOiacns  or  scusce. 


Vlist  duBgie  dofi  ttw'  home  eiunuiation  lieio  reveal  ? 
la  pBMiBg  b)  ta^go,  tbe  wutet  becomoe  eoddeulv  aii^< 
tatstid  in  parity,  Uw  nupcodvd  m&Upr  becouing  ewW 
dealy  bn.  Off  Tvib,  tint  dsop  indigo  dinppoLrs,  uid  iJm> 
m  B  nndeddBd  in  eoltnir.  Acoorapanying  tbis  cbaiigr, 
w  hare  m  rim  hi  Uie  quantltj  of  •lupnaded  nuilUir. 
Bc^yood  Tftrib,  ve  dmgv  to  oolalt-blne,  the  euspeodcd 
milter  fidttBg  «t  tbe  nuns  timo  in  qnantilj.  This  ntcr 
ia  dirtincUv  punv  tlwD  tk«  grera.  W«  approach  Owliz, 
aitd  It  twelve  miles  fiviin  the  dtr  g«t  Itito  yellow-grwu 
wattr;  thi^f  the  London  examination  shows  to  Iw  thieic 
with  siu|Mi>ded  tn&tter.  Tbe  suae  is  Ijiieof  Cadiz  bsrbourt 
and  alao  of  a  point  fnurlem  Rin<^  from  Ondix  in  tlic  faome- 
vard  dinctitm.  Hera  there  I*  a  aiidtl^i  change  from 
yelbnr-greeD  to  a  bright  ememld-green,  and  acoomiianiriDg 
tbe  change  a  sudden  fall  in  tli«  quantitr  of  Fuspend«i) 
natt«r.  Bctvem  Capo  St.  Mary  and  Cape  St.  Vinc«nl 
the  water  di&Dgee  to  tbe  deepe«t  indigo,  o  further  dimw 
□ution  of  the  smtpeodcd  nuMer  being  Uie  eoncomitAnt 
phcDontenon. 

We  now  reach  tbe  ftimarkable  group  of  n>cks  called 
tbe  BurUnga,  and  find  the  water  between  tbe  tiborc  anil 
tbe  rocks  a  etrang  green  ;  the  home  examinatioa  abown  it 
to  be  thick  with  fine  maUor.  Fifteen  or  twenty  miles 
beyond  the  BiLrliDgw  we  ccimu  n^^n  into  indigo  water, 
from  which  the  fuapeaded  mikttar  lim  iji  gmat  part  di»- 
appt^ared.  03  Capo  Fioisterte,  about  the  plnoc  whvre 
the  *  Captain '  w^nt  down,  tbo  water  becomen  grefu,  and 
the  home  esaimnation  pronounces  it  to  be  tludier.  Thrn 
we  eutvr  the  Hay  of  Biscay,  where  Uic  indigo  renunia  iti 
power,  and  where  the  home  ezaniiuiitioD  c howi  tlie  greatly 
augmtinted  purity  of  the  wat^r.  A  sireoud  s]>ecimen  oC 
water,  taken  firom  the  Bay  of  Biscay,  held  in  nispeosiaa 
fine  particles  of  a  peculiar  kind ;  the  sixe  of  them  was 
Hiich  as  to  ri'ndcr  the  water  richly  irideveent.     It  alioweJ. 
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If  green,  lilu«,  or  nlmoa-ooloured,  according  to  the 

iRctioD  of  the  line  of  visioii.     tonally,  we  ci>ma  lo  otir 

tvo   bottler,  the  one  taken  opposite  St.  Catherine'* 

loaec,  in  the  Islu  of  Wight,  the  other  at  Spitbead. 

The  H&  Bt  hoth  the^e  jiuxa  was  green,  and  Iwth  speci- 

OKiBjax  might  be  expe4:ted,  were  prtmuimccd  by  the  home 

■nminatiou  to  be  thick  vith  auspended  matler. 

Two  distinct  series  of  obsenrationa  are  here  referred  to 
—the  one  coBsisUng  of  direct  observations  of  the  colour 
•ftbc  M!<a,  conducted  during  the  voyage  from  Gibraltar  to 
lOutJi ;  the  otlier  ouried  out  in  the  laboratory  of  the 
Bogal  Itutitiition.  And  here  it  ii  lo  bn  noted  that  in  the 
Iwne  examination  I  never  knew  what  inraler  was  phkced  in 
Wf  baoda.  The  Ubela,  with  the  names  of  the  localities 
written  apOD  tliem,  had  been  tied  up,  all  information 
regarding  the  Eotircc  of  tbe  water  being  thus  held  Laok. 
He  bottlLV  wi^'rc  simply  Dnmbercd,  and  not  till  all  of 
than  lad  been  examinod,  and  described,  were  tbe  labels 
KMModi  '^  'l>^  locality  and  »ea-colour  correaponding  to  the 
^^^Ibs  tpecimena  ascertained.  The  home  obtervation*, 
^Kerefore,  must  have  been  perfectly  unbiassed,  and  they 
^Hwrly  BBtablifih  the  association  of  the  gxcea  colour  witli 
^Bke  easpended  mutter,  and  of  tbe  uldamariDe  colour,  and 
more  esptwially  of  the  black-indigo  hue  of  the  Atlantic, 
with  the  wimixuative  absence  of  such  mutter. 

So  much  for  mere  obaervation ;  hut  wimt  is  the  cause  of 
tbe  dsrk  hue  of  the  deep  ocean  ?  *     A  pntHmiuary  remark 
or  two  will  clear  our  way  towarils  an  explanation.     Colour 
^nildca  in  wbite  light,  appearing  generally  when  any  conett- 

^^^    '  A  nnff,  wHUie  (0  ■•  OB  OtXatet  El.  bjr  m;  tnoai  Ctaoa  KJngiUjr, 

rnDlaiiu   \he   (t>1Ioiring;  nttteaet  lo  this  |»inl :   'I  liaro  nrvtt  ***a   llid 

lak*  dT  Gimm,  lad  I  Iboaj-ht  of  Iha  brliluat  iLmllag  ditrk  1>lna  tjt  tb» 

>     Bud-AUauUc  «Dilar  Um  mdU^A,  bihI  it*  bkek-bloa  Bndar  elonil,  b)di  m 

I     aglid  thu  mia  mii^l  twp  off  Ui«  ■poiwin  «•  to  it  villMBt  ttar;  tkb  wm  to 

^  Um  mo*t  vunilirfal  lUoft  whitli  1  Mw  oa  my  ropfc*  lo  aad  Tran  tbf 
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Ineot  <^  tlie  i*hit^  iMfbt  b  vitfadrswn.    The  hue  of  n  pttrpl 
liquid,  forezBmpIc,  t«  iinm<iliutt!l<raccount«d  tor  by  iU  luvl 
tion  041  a  ffpectnun.    It  cuta  out  the  yellow  and  green,  and 
aHnwi  tbe  reel  um]  blue  to  paaeUtrough.     Tite  blmdicg:  oC 
th«ae  two  cokran  produna  tba  pitrple.     Hat  while  tuch  sJ 
liquid  attxcks  with  epc^a]  corrgy  the  yvlluw  and  grvro,  it 
enfeeblM  tii«  wholo  tpectnim.     By  incrcaiiiiig  the  thick- 
nem  of  tbe  stiatiiiD  vm  toaj  Absorh  the  wltole  ot  thrlighL  , 
The  eulniir  of  a  Uue  Uiinid  is  umilarly  aocouDled  for.    It 
Gnt  extio^iihea  the  red;  th«i,  sa  the  thickness  auj^-1 
noDts,  it  attacks  th«  omDgp,  yrUow,  and  green  ia  eur- 
c««Ioti;  the  blue  alone  finnllT  remaining.     ButovBoitl 
might  be  extingniKbed  by  a  ciifhcienl  d<>plh  of  liquid. 

And  now  wu  are  prepared  for  a  brief,  but  t<il«ni1ilyj 
cotnplrt«,  Ktatement  of  that  action  of  aea-irat«r 
light,  to  vbicb  it  owes  its  darkness.  Tlie  Bpectrmn  eio-l 
bnicoE  three  classes  of  njB — the  tbermtil,  the  visual,  ai»l( 
the  eheinieaL  These  diviaiDiu  ovntbip  each  other ; 
thermal  tays  are  in  port  visual,  the  vieual  ray«  in  paril 
cbonical,  and  vice  rrrsa.  The  vast  body  of  theima!  lanj 
lie  beyond  the  red,  being  in\-i«blc.  ThcR)  rays  are  attacked  ; 
with  ezoGcding  energy  by  wat^v.  Tliey  arc  abeorbcdj 
ckwt!  to  ttin  fiirfnce  of  the  sea,  and  are  the  grrot  agents  hij 
evaporation.  At  the  same  time  the  whole  Bpectnim  suffcn  I 
enfe^lcDiont ;  wat«r  attacks  nil  its  rays,  but  with  dlflfftrent: j 
degree:!  of  cuergy.  Of  the  vi«ud  lajrs,  the  red  are  fi«tj 
extinguished.  Aa  tlie  solar  beam  plungen  deeper  intoi 
the  aea,  orange  follows  red,  yellow  foUowtf  onu>ge, 
follows  yellow,  and  the  rarlous  shades  of  blue,  where 
water  i»  dvcp  enough,  follow  groen.  Abtoluto  extioctioai 
of  the  solar  beam  would  lie  tlio  eonHcqtienee  if  the  w> 
were  deep  and  uniform.  If  it  oontiiined  no  suspeoil 
matter,  such  water  would  be  as  black  as  ink.  A 
Qoctetl  glimmer  of  ordinary  light  would  reach  na  firoml 
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sorTace,  a*  it  would  bom  tl>e  suKace  of  lUrtual  ink ; 
no  liglit,  bvncc  do  colour,  nould  roach  us  from  the 
[Of  Um  water. 

very  clear  and  deep  sca-watci  this  condition  is 
H{({itoxiinat(.-l5  fulfilled,  and  liciico  the  cstiaordinarj  durk- 
tuM  of  such  water.  The  indigo,  already  TCfiTrud  to, 
|ii.  I  bcliovo,  to  ho  n»cribed  iu  part  to  thu  irnxiK-iidRd 
liter,  nUich  ii  uever  ahacnt,  «vea  in  the  purest  natural 
\Wiei ;  aud  in  part  to  the  slight  reflection  of  the  lijjbt 
the  limiting  surfaces  of  strata  of  diScrcnt  dcnsi- 
[\kf,  A  tuodicum  oC  Ught  in  thus  thrown  )>ni:k  to  (Jie 
mt,  before  the  d«ptb  nceeanry  to  ahentute  extinction 
|bi  been  attaini^.  An  effect  preciwdy  similar  occurs 
the  raoraineM  uf  glaciers  Thu  ioe  hero  is  cx- 
ttonali;  oompaotf  and,  owing  to  the  nbeeoce  of  the 
Dtemal  scaUeriDg  common  in  huhbled  ico.  the  liffht 
ngt4  into  the  mass,  where  it  is  eztiDguisbed,  the  per- 
(wtlf  clear  ioo  preMoting  ao  appearance  of  pitchy  black- 
Ma.' 

The  green  colour  of  the  <ca  ban  now  to  be  accounted 
';  and  here,  again,  let  iiit  fall  l)aelc  upon  the  sure 
of  cxpiTimcnU  A  Mtrong  white  dinner-plate  had 
Llcailwvigbt  si-curely  fastened  to  it.  Fifty  or  sixty  yards" 
of  strong  borapen  line  were  attdchod  to  tbo  plate.  My 
at,  Thorogood,  occupied  a  boot,  fastened  as  usual  to 
davits  of  the  *  Urgent,'  while  I  occupied  a  second  bomt 
Dearer  Uio  stem  of  the  ship.  He  csit  the  plato  as  a 
tuariner  heaves  the  lend,  and  by  the  time  it  hjul  miched 
tne  it  had  suul:  a  coiuidcrable  depth  in  tbo  water.  In 
all  ases  tlte  line  of  tliis  plate  wad  green ;  even  when  the 
was  of  the  darkest  indigo,  the  green  was  vitid  and 
Qoiiueed.     I  could  notice  the  gradual  deepening  of  the 

'  I  bttrn  fiom  •  tamrpoaAuA  Ihtl  oMtAia  Wdab  Um^  whicli  on  ' 
■1  tatin»l>M,  ban  tU*  lakf  h**. 
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eoTnur  aa  the  plate  eank,  but  at  Ua  grealML  di'pt^,  even 
indigo  water,  tbe  colour  waa  still  a  blne^TeenJ 

Other  oheervntione  coDfirmcd  this  ooo.  The  *  Urgrnl ' 
is  a  Bcrpw  i^camcr,  and  right  ovei  the  blades  of  tlie  screw 
wa«  an  orifice  called  tliu  wrcw-wvll,  tlirougfa  which  tiii« 
could  lo<ik  from  thit  poop  down  upoo  the  ectpw.  The 
furfaov-glimmer,  which  ao  po^iters  the  eye,  was  here  in  o 
gmit  measure  removed.  Midway  dowu,  a  ptaak  ctoteei 
the  screw-wdl  from  side  to  aide;  on  thin  I  placod  mj- 
Rolf  aitd  olMMHTVod  the  action  of  the  screw  imdcmealfa. 
The  eye  was  rendered  sensitive  hj  the  moderation  of  tlie 
light;  and,  to  remove  vUU  further  all  disturbing  caiuM, 
Lieutenant  Walton  had  a  fail  and  tarpaulin  tiirown  nm 
the  mouth  of  the  well.  Undcmralli  this  I  pcrehed  my- 
self  and  vat>.-hc<d  the  si-rcw.  In  an  indigo  sea  the  pla;  of 
colour  was  in<h^:^rih(«bly  iM-autifiil,  ai»d  tbo  conttast  be- 
tween the  water,  which  bad  the  «crew-hfaidnt,  and  thai 
wliiL-h  had  the  bottom  of  the  ooean,  a*  a  bookgroiiml,  wat 
extraordinary.  The  one  was  of  the  mmit  brilliant  pvm, 
tlio  other  of  the  deepest  nltnmarine.  The  nirfa«c  of  the 
water  above  the  serew-blade  was  always  raffled.  1^ii|tiid 
tenses  were  thus  formed,  by  which  the  coloured  light 
was  witltdntwn  from  sDmr  phiccs  and  concentrated 
otbei^  the  water  flaxhing  with  metallic  lustre-  The ; 
blades  in  tliis  ease  played  the  part  of  the  dinner-plate  in 
the  former  case,  and  there  were  otlier  instanceit  of  a  similar 
kind.  The  white  bcllips  of  porpoises  showed  the  gTe<*n  htie, 
varying  in  inlciiitily  as  the  creatures  swung  to  and  fro  be- 
tween thc$tirfiic«andlhedei?p«rwat<T.  Foam,  at  a  certain 
dcptJi  below  (he  anrfaoe,  ih  aUo  gntcii.  In  a  rough  sea  the 
Hght  which  has  ]M'iviUrat«d  the  KUinmit  of  a  wave  sometimes 
reBobes  the  eye,  a  bea<it)fti]  grena  cap  being  thus  placed 
upon  the  wave,  oven  in  indigo  water. 


Uu 


In  Bci  oiM,  uf  cuuiw.  It  Iho  IPMO  jniK  tat  •  miilara  iV  iwnmr,  ibJ 
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ifl  Uiis  colour  to  be  Ctfniirs.'tc<l  with  tli«  S)U> 
iclc*  ?  T»kc  the  diuDcr-pluU;  whlvli  sboired 
M  briniant  a  gr«cD  wlicn  tltromi  into  indigo  vater. 
fivfipoae  it  to  diminiili  iu  size,  until  it  rvaohcK  an  nlmoet 
uitcnHcoptc  roagiiitude.  It  would  .still  Leliave  Htibntan- 
tttlty  aa  the  larger  plate,  sending  to  the  eye  its  modicum 
fi  gnxn  liffht.  If  the  plate,  instead  of  being  a  large 
B»h«niat  mass,  were  ground  to  a  powder  eufficiratljr  tiDe, 
od  in  tlii«  coiKtition  diffuved  tlirotigh  the  clear  sca- 
nter,  it  wnuld  send  gri^en  light  to  the  eye.  In  fact,  tho 
Mpended  particles  which  the  home  exaaiination  reveal*, 
u  in  all  eswntial  particulars  tike  Uie  plate,  or  like  the 
Kiew-bladoi,  or  like  the  foam,  or  like  t)io  bcllic»  of  the 
pcrpniNC*.  Thu.i  I  think  the  gre«nnci»  of  the  »■.•»  in  phyri- 
ttiij  connected  with  tho  matter  which  it  ho1d»  in  sit^ 
^nonon. 

We  readwd  Portsmouth  on  January  6,  1871.  Then 
mded  a  voyage  which,  though  its  main  object  was  nob 
realised,  has  left  beliind  it  plcatont  mvmoricA,  both  of 
the  atpecta  of  nature  and  tlw  kindliness  of  men. 
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IT  is  ooe  of  the  diBodvantages  of  reading  book*  >ImuL 
natural  Keacr;  that  tbcy  fill  U>c  mind  wttli  picuiA 
often  ciagKcrati-d,  oftwi  distorted, oftiui  lilutred,anil,erai 
vlicD  well  drawn,  iDJuriotu  to  the  fireshiio&j  of  &tA  ImpR** 
sioDi.    Suck  has  been  th«  fate  of  most  of  us  with  r^fti 
^to  the  Falls  of  Niagara.     There  mn  litUe  aiKura4:y  in  tht 
etimatcs  of  t^e  first  observer*  of  the  eatwact.    Staitled 
ui  cxliibition  of  power  to  novel  aiid  to  grand,  cmcAioo 
aped  bfiyond   tli»  control  of  the  jmigiueut,  iui<)  gatr 
^euneDpy  to  DotioDs  which  have  often  led  to  didAppoint- 
inent. 

A  record  of  a  voyage  in  1535  by  a  Frencli  mariu'^ 

Tnanicid  Jacques  Cbiticr,  coDtuins,  it  is  suid,  tJie  first  printoi 

alliuion  to  Niagura.     In  1603  tbv  first  map  of  the  district 

.was  constructed  by  ii  Fn-nchnian  owned  Champtain.     Id 

r  1648  the  Jesuit  Rugeiicau,  in  a  lutter  to  bin  superior  al^ 

Pari;!,  mentions  NJa^raas  'a  cataract  of  frightful  height.' fl 

lu  tlw  winter  of  IG18  and   1G79  the  cataract  was  rioitt'd 

by  Father  Hennepin, aud  desoriliod  io  a  book  dedicaliul 

the  King  of  Greaii  Britiin.'     He  gives  a  drawing  nf  tbi 

waterfall,  which  show-a  that  aeriuiii  chaiigii  have  taki 

place  Kiucc  bis  time.     He  describes  it  as  '  a  great  and 

■  l^cnm  Ml  iaUnUiag  litUa  liwk  prMonMd  t»  »e  al  BtaoUj«  ij 
lanthor.  Mr.  Holly,  mow  o(tbMad*MarD4*t<>^:  Bt«ii«]4a,  b]n,13;(k> 
wttl.  Ly*l  I,  Qnll,  and  othm  I  Iwvo  »7«clf  ccaaultnt 
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(tigioiu  cad«acc  of  water,  to  which  tbe  univeiw  doH  net 
oflTcf  A  parallel.'  The  heiKht  of  the  &11,  according  to 
HenDc-pin,  wa>  laon-  than  600  fwt.  '  Tbo  wuUire,'  be  SMys, 
'  which  fall  from  this  gmut  precipice  do  foam  and  boil  in 
tbe  most  astonishing  manner,  making  a  noise  more  terrible 
Uwo  tint  of  thunder.  When  the  wind  blows  to  the  foutfa 
it«  frightful  roaring  may  be  heard  for  more  than  fiftocn 
Icsgoe*.*  The  Baron  la  Hontan,  vho  visited  Kiognro  in 
1687,  makes  tlie  height  800  fe«t.  In  1721  C)mrl(;voiit,  in 
a  loiter  to  Madame  de  Maint<>non,  after  referring  to  the 
eiaggenitioits  of  his  pr«deoet»ont,  tbiis  states  the  reeult  of 
bit  own  observationa :  '  For  my  part,  atl«r  examining  it  on 
•Q  aides,  I  am  inclined  to  think  that  we  cannot  allow  it 
Itm  than  140  or  150  feet,' — a  remarkably  close  ratimatc. 
At  that  time,  viz.  u  hundred  and  fifty  yeani  ago,  it  had 
the  shape  of  a  hor»i«l)oo,  and  reaaonf  will  subitcqucntly 
be  given  for  boUling  ihnt  this  ba«  been  always  the  fonn  of 
the  catarant,  from  its  origin  to  its  preaent  rite. 

Aa  regards  the  noife  of  tbe  GUI,  Charlovois  declares 
the  acoouDtx  of  bis  prcdccessore,  which,  I  may  ny,  are 
repeated  to  the  ptoenl  hour,  to  be  altogether  extravagant. 
He  is  perfectly  right.  The  thundem  of  Niagaia  are  furmi- 
daUe  enough  to  tbo«e  who  really  seek  them  at  the  base  of 
the  IToTiMMhoc  Fall :  but  on  tbe  banks  of  tbo  river,  and 
parficularty  above  tiw  fall,  its  ailenov,  ratlter  than  its 
Boiae,  b  surprising.  This  arises,  in  part,  from  the  lack  of 
rewnance ;  the  siurouodiog  country  being  flat,  and  there- 
fore fumiihing  no  echoing  surfaces  to  reinforce  the  shock 
wftlkowatvr.  The  retoiuincu  from  the  Htirroiinding  rockx 
wisn  Uie  SwinN  Iteuiu  at  tlw  Devil's  Bridge,  when  full,  tu 
ifcunder  more  loudly  tJian  the  Niagara. 

On  Friday,  November  1,  1872,  just  before  reaching 
the  vilUgo  of  Niagaia  Falls,  I  caught^  from  tbo  railway 
traiot  my  first  glimpse  of  tlic  xmoke  of  the  cataract. 
Immediately  alter  my  arrival  I   went  with  a  friend    to 
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the  fkorUierD  eni]  of  the  American  KalL  It  may  be  tk 
toy  mood  at  the  time  toiHKl  down  tbp  impr^edon  pr 
dticcid  l>y  Lbe  firat  aRped  of  thU  grand  oaMsilo;  biit 
It  Dotiiing  like  diskppointmeat,  knowing,  from  uld  «« 

'  perienoe,  that  time  and  clove  aegitBintwnceahip,  th«  gmJutf  1 
intenreaviogof  mind  and  nature,  must  powerfuUv  inSunuu 
ay  final  e»timut«  of  ifao  tmtn;.     AR«r  dinner  vc  ax&fi  \ 

^to  Qont  Inland,  a»d,  turning  to  the  riglil-,  n-adied  tM| 
•outli«ra  end  of  the  Am«ricaQ  FalL     Tbe  river  it  but  { 
studded  with  small  islanda.     Crossing  a  wooden  hridgr  { 
to  Luna  laland*  and  clasping  a  tiee  wbicb  grows  ntaritt 
edge,  I  looked  long  at  tlie  cataract,  which   here  dioM 
down  tlie  precipice  lik«  an  aralancbo  of  foam.     It  ft* 
in   power  and   beauty.      Tho  cbaiinRl   i<{«innitl  hy  tit 

I  wooden  bridge  m»  dwp,  and  tlie  river   there  douIiM 
over  the  edge  of  the  precipice,  like  tbe  swull  of  a  mlla}l^ 
unbroken.     The  It^dge  bere-orerbangB,  the  w»t«r  buDfj 
poured  out  far  beyond  the  base  of  the  predpice.     A  tft»t\ 
called  the  Cave  of  the  Witiils  ■«  Uiu«  enclosed  boiweco^ 
the  wall  of  rock  aiu]  the  falling  v-ati^r. 

Goat  Island  ends  in  a  sheer  dry  precipice,  wlddk 
CTOinecte  the  American  and  Uorseelioe  l-'alU.  Mtdwajr 
between  both  14  ft  wooden  hut,  the  reaidenee  of  tbe  gnido 
tw  the  Cave  of  the  Winds,  and  Irom  tho  but  a  winding 
daircuse,  called  Riddle's  Stair,  descends  to  the  bas«  of 
the  precipice.  Cht  tbe  evening  of  myarrii'al  I  went  dov 
thin  elair,  and  wandered  along  the  botlcm  of  tbe  cl 
Ono  wt'll-knowii  fiictor  in  the  formation  and  retreat  of  1 
cataract  wnn  immedintrly  obsorred.  A  thick  laver 
limestone  formed  the  upper  portion  of  the  clilT.  Tltj 
upon  a  l>cd  of  soft  shale,  which  uxtvnded  round  ' 
of  the  cataract.  Tho  violent  recoil  of  tbe  wal 
Bt  tuia  yielding  xubstaocc  cnimblea  it  away,  undi* 
uiining  the  ledge  above,  which,  unsupported,  aventruUly  ' 
break*  off,  and  produces  the  olserved  reocesion. 
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At  the  aoutbem  ixtrftmity  of  tlie  Horac^oe  is  a  pro> 
moototy,  (onaed  br  the  doubling  back  of  Uie  gorge,  ex- 
cavated by  the  cadir^t,  bikI  ioto  which  it  pluagea.     On 
the  promontoiy  standjt  a  Mtone  Uiilding,  cdlod  tlic  Terrapin 
Tower,  tfao  door  of  which  had  liei-n  nailed  up  because  of 
th«  decay  of  the  sUircaee  wilhia  it.     Through  Ihu  kiml- 
DtsB  of  Mr.  TowDsend,  the  euperintendent  of  Ooat  Inland, 
th«  door  waa  opened  for  me.     From  this  tower,  at  hII 
hour*  of  tlic  day,  and  atsonici  hours  of  the  night,  I  watcbi'd 
and  lictened  to  tbe  Hontetlioe  Fall.     Tito  rircr  here  ir 
eTidently  much  deeper  thiiii  tlio  American  braueli ;  andJ 
imtead  of  hiiKting  into  f<>»in  w)a>re  it  qiiitit  Dm;  ledgp) 
it   bendi   tolidly   over,  and  fiitU   tn   a  continuous  layer 
of   the  iDost   vivid   green.     The   tint   is  not  uniform;^ 
lotig  rtripot  of  deeper  huo  alternating  with   bands  of* 
biig)it«r  colour.    Cloae  to  tbe  ledge  over  which  the  wat«r 
mlli,  fnam  l»  gem^ruli.'d,  the  light  falling  n[M>n  which,  and 
Rashtng  book  from  it,  i*  MJAod  in  ila  fKiHage  to  and  fro, 
and  ebanged  from  white   to   emerald-gre«n.      Heaps  of 
Bapear6cial  foam  are  also  formed  at  intervals  along  tbe 
Mgr,  and  are  immediately  drawn  into  long  whitv  Mlriip,' 
l^wRT  down,  tbo  surface,  tliaiccD  by  the  reaction  from 
Iielow,  incnwintly  ruDtlc*   into  wbiti-n«i».     Ttie   d«!M»int 
finally  r«iiolves  itself  into  a  rhythm,  the  water  reaching  the 
bottom  of  the  &dl  in  periodic  gusbee.     Mor  is  the  Epruy 
imiformly  diffu^  thiough  the  air,  but  is  waOed  through 
t  is  EuceesriTO  voila  of  gauze-liko  teiture.     Prom  all  tJiis 
it  u  evident  that  beauty  i^  not  abwmt  from  the  Honenhou 
FWll,  but  majesty  is  Its  chief  attribulo.     The  plunge  of 
the  wain-  U  not  wild,  but  delilxifate,  va«t,  and  fascinating. 
FVum  tlie  TerrajHn  Tower,  the  adjacent  arm  of  the  llora^-' 
■U(M>  u  seen  projected  against  the  opposite  one,  midway 


■  1^  JtrMOMB  of  llu  wIbJ  witk  n/irvK*  b>  ik*  oiatve  of  ■  (tip  idaj 
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(lovTi ;  U>  ihf  jniagiiation,  UtCTf  furc,  ig  Irfl  llw  picturii 
of  tlN3  ptlf  into  which  tbo  cabuact  plitngc*. 

Tlw  dcilgfat  whidi  utiinl  aettaerj  produce*  in  Mme 
miads  k  dtfflooH  to  erptniD,  and  the  conduct  which  Jt 
pronipCa  «ui  budly  be  fiurtr  critidscd  bv  IboM  who>bav 
nerer  ezpericnoed  H.  It  etvms  to  nw  a  deduction  froN 
the  mDp1el«ni^«i  of  tho  c>-Vhrati^l  Thomiu  Yoiiop,  tha 
be  wu  moUe  to  appreciatfi  natural  »c;t!nttry.  '  He  Ik 
resU;,'  »n  Dean  P«Mock,  'no  taste  for  life  in  th 
oaimtrv ;  he  vna  one  of  those  vfao  tboug;ht  that  no  < 
who  was  able  to  liv?  in  London  woald  be  content  to  li>« 
rl«wh«»'.*  W^ll,  Pr.  Young,  like  Dr.  Johnson,  b&d  b 
light  to  his  d<iti^htA ;  but  1  can  undenUmil  n  hcsiUtion 
U)  aoeept  them,  hi^  as  Qtey  were,  to  the  exclusion  of 

That  a'trSomimifjoj  alrieh  Knturt  jUltU 

To  all  who  are  of  this  miud,  tlie  strvn^ht-ning  of  dwire 
on  ntjT  port  to  seo  and  know  Niagara  Kails,  as  far  an  it 
is  possible  for  them  to  be  seen  and  known,  will  be  ioiel- 
ligiblc. 

On  (he  first  evening  of  my  visit,  1  met, at  the  Itead  of 
Riddle's  Stair,  the  giiide  to  the  Cave  of  the  Winds.  He 
was  in  tbe  prime  of  manhood —largcs  well  built,  dna  and 
pleasant  in  mouth  and  ere.  >Iy  inUtviKt  in  the  aceiie 
stimd  up  his,  and  made  hira  commimicitLfvew  Tuniixi; 
In  a  photograph,  he  dorcribed,  by  referenM  to  it,  a  f.'ui 
wliich  Iw  had  acoompiiMhcd  some  time  previously,  and 
which  bad  brought  him  almost  undt-r  tho  (fre^n  water  nf 
the  Horseshoe  Fall.  '  On  you  li-ad  m«  there  to-ntorrow  ?' 
I  asked.  He  eyed  me  enquiringly,  weighing,  perhaps,  tbe 
chances  of  a  man  of  light  build,  and  with  grey  in  hb 
whiskery,  in  »»cl)  an  undertaking.  *  I  wish,'  1  added, '  to 
•ee  as  much  of  tbe  full  as  can  be  seen,  and  whore  you  lead 
I  will  endeavour  to  follow.'     His  scnitiny  relaxetl  inlul 
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smile,  4™!  Iio  said, '  Very  woU ;  I  (hnll  be  rvady  for  you 
trt-morrow.' 

On  the  morrow,  acconlinglf ,  I  curov.  lu  thfi  hut  at 
Um  li«wl  of  Ridiile'«  Stair  [  Ktrippcd  wholly,  and  ra^ 
dntvd  according  to  luitructions,— drawing  on  two  paim  of 
wooDm  pantaloons,  throe  woollen  jackets,  two  pairs  of 
Mcks,  aad  a  pair  of  felt  shoes.  Even  if  wvt,  my  f^do 
awared  me  that  the  cloth««  would  kovp  niv  from  being 
(hilled ;  and  ho  was  ri^t.  A  euit  and  hood  of  yellow  oilcloth 
B>V4:red  alU  Moot  laudablu  preoautions  were  tak«n  by 
the  yoong  assistant  who  helped  to  dress  me  to  keep  tbo 
water  out  j  but  bis  devices  broke  down  immediately  wbcn 
wverely  tfrsted. 

Wo  deecfodcd  the  stair;  tbo  handle  of  u  pitchfork 
doing,  in  my  case,  the  duty  of  au  alpenstock.  At  the 
bottom,  the  gauif.  <-n<iiiir(!d  wht^thcr  we  diotdd  go  first  to 
the  Cave  of  the  Winds,  or  to  iho  Horseohoe,  remarking 
that  tbo  latter  would  try  ub  most  I  decided  on  getting 
tJw  roughest  don«  first,  and  he  turned  to  the  left  over  thu 
rtoDCL  Thoy  were  sharp  and  trying.  1'ho  base  of  th« 
Iir»l  portion  of  the  caLirnct  in  covered  with  huge  boulders, 
oln-iuudy  tb«  ruinx  of  tjie  linie»loiie  ledge  above.  The 
WAter  does  not  dintribiite  it.'«eU~  utiiformly  amongthese,  but 
Meks  for  itself  ohaonels  through  nbicb  it  pours  torrentially. 
WopasMtdsomeof  these  with  wetted  feet,  but  without  diffi- 
culty. At  Itti^h  we  came  to  tlie  side  of  a  more  formidable 
cumtot.  My  guide  walked  along  it»  cdgn  imtil  he  reached 
it*  Icwtt  tiifbdii-iil  portion.  Halting,  be  nid,  'This  ia 
our  greatest  difficulty  ;  If  we  can  croxt  here,  we  shall  get 
liir  towards  the  Honteaboe.' 

He  waded  in.  It  evidently  required  all  bis  stxeDglh 
In  •ttwiy  him.  Tlie  water  rose  above  bit  loins,  aiid  it 
foamed  still  highirr.  He  liad  to  Mouvh  for  footing,  amid 
unseen  boulders,  against  which  the  torrent  rose  violently. 
He  atru^led  and  swayed,  but  be  struggled  successfully, 


niAc 


ud  finally  reached  tfa<!  tliHllow^r  vmtcr  at  the-  ut 
Stretching  out  his  arm,  Iir  Kiid  to  mi-, '  Naw  come  on.'  I 
looked  ditvru  tlw  torrent,  as  it  nislied  to  the  river  belo¥, 
wliich  was  seetliing  with  the  tumult  of  the  catftraet  Dt 
tiiaussuTe  leootntnended  the  iot^'ctioa  of  Alpine  donea^ 
wiUi  the  view  of  maklof;  them  familiar  to  the  ry«  htbn 
they  ar«  t^cooutcrcil ;  and  it  in  a  wlinleoHiM)  cucton  i> 
place*  of  ditticully  lo  put  th«  puKubility  of  an  ncoMrJil 
clearly  before  the  mind^  and  to  deeido  befortihaod  vial 
ought  to  be  done  should  the  accident  occur.  Ttitis  miunil 
up  io  tho  present  instance,  I  entered  the  water.  Erti 
where  it  was  not  mors  tlum  knce-docrp,  its  power  «■ 
tnouifoit.  M  it  roae  around  me,  I  oought  to  uplit  Of 
torrent  by  presenting  a  tide  to  it;  but  the  insecurity tif 
the  footing  enabled  it  to  graHp  my  loina,  twist  me  falil]' 
round,  and  bring  its  impetus  to  bear  upon  my  buk. 
Further  Htru^le  waa  impomiblc ;  and  ffyjling  my  boLuiw 
]iopel«aly  gone,  I  turned,  flung  my»elf  towards  the  haik 
just  ({uiLted,  aud  was  instantly,  as  expected,  swrjil  int» 
shallower  water. 

The  oilcloth  corcriii);  was  a  great  incumbraooe;  it 
had  been  made  for  a  much  stouter  man,  and,  standing  up- 
right after  my  submoreioii,  my  lege  occupied  the  centre 
of  two  bogs  of  water.     My  gnidc  exhorted  me  to  ttj 

t  again.  Prudence  was  at  my  vibow,  whtupcring  dissuasion ; 
but,  taking  everytliing  into  account,  it  ap^ieared  more  tm< 
moral  to  retreat  tJmn  to  proceed.  Instracted  by  Uio  lir»L 
misadrenUire,  I  onc«  more  entered  the  streeun.  Had 
alpiiitrtock  bctm  of  tmn  it  might  hare  helped  me ;  but, 
it  was,  the  tendency  of  the  water  lo  swocp  it  out  uf 

piiands  rendered  it  worse  tlian  DSoIe«t.  I,  however,  e! 
to  it  by  bsbit.  Again  the  torrent  rose,  and  again 
wavered;  but,  by  keeping  the  left  hip  well  againxt  It,  I 
romainetl  upright,  and  at  length  grasped  the  hand  of  my 
leader  at  tho  other  Hide.     He  laoglied  pleaauitly.     TU 
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i-.i  nol3f^wat^iii(>l,  and  lie  cnjoytsj  it,    'Nu  Ijaveller," 

bf  saij,  '  was  ever  h«ru    befuie.'      Soon    afterwards,  by 

Innting  to  a  piec«  of  (Irift-wood  wliicb  seemMl  finn,  I 

bu  agaio  UkcD  otf  my  feet,  but  was  iinmediatvlv  caught  . 

wi  protruding  rock. 

r      We  clamlwnxl  over  Uw  boulder*  toward*  Uie  Uiickvst 

■9*^7)  wliich  soon  Wcame  no  weightjr  as  to  cause  us  to 

Bc(g]Cer  under  its  shock.    For  tbe  most  part  nothing  could 

De  leen ;  we  wore  in  the  midst  of  bewildexing   tomulti 

pMlid  by  tbe  water,   which  sounded  at  tinic^^   liku  Um  i 

pmckiog  of  iniitimoraUc  whips.      Undi>mL-ath   tliia  was 

in  dfcp  rnwuttt  roar  of  Otc  calaracl.     I  tried  to  s^iifild 

ftaifpVM  wilh  Diy  bands,  and  l(wk   upwards;  hut  the  de- 

'kace  was  useless.     The  guide  coutlnned  to  niore  on,  but 

at  a  certain  place  be  halted,  and  donred  me  to  lake  shelter 

Id  his  lee.  and  obeerve  the  cataract.     Tbe  spra;  did  not 

f -I-  so  much  from  the  upper  ledge,  as  from  the  rcbonud 

I-  I'hsttcrcd  water  when  it  xtruck  the  bottom.    Honou 

Um)  nyrs  could  1>c  prot«ct«d  from  the  blinding  shouk  of 

the  spray,  while  tbe  line  of  vision  to  the  up^ter  ledges  ro- 

inained  lo  «amfl  extent  clear.     On  looking  upwards  over 

tbe  guide's  sbouldcr  [  could  soo  the  water  lieuding  over 

tbe    lcdy<s   wliibs   the   Temipin   Tower    IooirhI   fitfully 

tbrougU   thti  intermittent  spray-gnstjt.      We   ntire   right 

uuditf  the  tower.     A  little  &rther  on  the  cataract,  after 

iu  first  plungo,  hit  a  protuberance  some  way  down,  and 

Bev  from  it  iu  a  prodigious  burst  of  spray;  ttirougb  this 

we  rtaggcrvd.     Wo  rounded  thu  promontory  on  which  tho 

'I'errnpiti   Tower  ilandti,  and    moved,  amid  tbo   wildc«t 

comuiot-ina,  aluug  tbo  ann  of  thu  Ifonwclioe,  until  the 

i)idd<-n  &ileid  us,  and  tbe  cftUiract  fell  into  tbo  profound 

urge  of  l!ie  Niat;ara  River. 

Hern  tlte  giiiiio  fclieltered  me  again,  and  desired  me  to 
look  up;  I  did  so,  and  could  see,  as  before,  tbe  green 
ifkam  of  Iho  mighty  curve  sweeping  over  tbe  npper  Iedge« 
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HHid  tli£  fitful  plunge  of  tlie  wat«r,  a»  the  apny  'between  tu 
nnd  iL  alt«ntat«lf   ^Uiered  aod  diDappCArcd.     An  erai- 
D€nt  fmnd  of  mine  ofton  speaks  of  the  mistake  of 
LphTsiciana  who  regaid  man's  ailments  as  purel;  chei 
rto  be  met  by  chemical  remcdicfl  oiil  v.      He  cooteodl 

the  peydiological  dementof  cure.    BjsgrecablormotioUi 

Lbe  Baj«,  nervous  caireata  are  liberated  wbicb  iHma 

rblood,  brain,  and  riscefa.     Tbe  infiue&oe   rained 

ludiett'  eyea  enables  my  friend  to  thrive  on  dishes  vbid 

iwoidd  kill  bim  if  cateo  alone.     A  sanative  eSoct  of  tke 

Faame  order  I  expcrieoced  amid  the  tpmy  aoil  tLundcr  U 

Niagara.    Quickeoed  by  tbe  amotions  tltere  aroused,  tbi 

blood  tped  exultingi;  through   the  art«riea,  aboliihiig 

intros^wotion,  cle&riog  tbe  heart  of  al)   bitteroeM,  anJ 

enabling  one  to  think  with  ttdcranco,  if  not  with  tendcr- 

LDess,  on  tlui  mo«t  relentless  and  unrr-nxinablo  foe.     Apart 

Ffh>m  ita  aoientillc  value,  and  purely  as  a  vaonH  agvnt,  tbe 

play  was  worth  the  eaadle.     My  companion  knew  m 

bnoni  of  mo  than  thai  I  enjoyed  tlie  wildneas ;  but  as 

rbeol  in  th«  slwltcr  of  his  lar^  frame  he  said, '  I  sh< 

like  to  see  you  attempting  to  dcocribo  all  this.'     Hi 

rif^htly  tlioiight  it  indeMribnUe.    The  name  of  this  gnl! 

f(-lluw  was  Thomas  Conroy. 

We  returned,  clambering  at  intervals  up  and  down, 
as  to  catcb  glimpses  of  the  most  imprtttive  portions 
tito  catamct.  We  p«sMd  imdur  ledges  formed  by  tabu 
mastd  of  limestone,  and  through  some  curious  openings 
formed  by  the  falling  together  of  the  summita  of  the 
rocks.  At  length  we  found  ourselves  beside  our  eacmy 
of  the  morning.  Conroy  halt«d  for  a  minute  or  two, 
■canning  tJw  torrent  thoughtfully.  I  said  that,  as 
guide,  ho  oiiglit  to  liave  a  mpe  in  such  a  place ;  but 
retorted  Uiat,  as  no  traveller  had  ever  thought  of  comi 
there,  he  did  not  see  the  neoescity  ofkcoping  n  rope.  He 
waded  in.    The  btnig^le  to  keep  himself  erect  was  evi 


I 


irUOiBA. 


»7 


nuiogb ;  he  svnycd,  but   recovered    himself  af^ala  and 

^■fpun.     At  Icngtb  he  >lippad,  guvo  w»y,  did  as  I  bad 

,  threw  biioAelf  toxanb  the  bunk,  luui  wa«  evwpt  into 

IW  shallows.     StandiDg  in  the  Btivam  near  H»  edge,  Iiu 

tttMcbed  hi£  turn  towards  me.     X  retained  the  pitchfork- 

htodliT',  for  it  li:ul  been  useful  among  tlio  boulders.     By 

liadii^Mtne  waj  in,  the  ttafF  could  bo  mudi:  to  reach  him, 

ftti  I  proposod  bid  seizing  It.   *  tf  juu  ar«  sure,'  be  rcplit-d, 

r'tkat,  in  case  of  girin^  way,  you  can  maintain  your  gra-tp, 

itlm  I  will  cortainly  bold  you,'    Ketnarking  that  be  might 

'  Wot  on  this,  I  waded  in,  and  stretched  the  staff  to  tnj  com- 

|n>loD.   It  ws«  firmlj  gru«po(l  by  both  of  us.   TbuHbcIpod, 

tbfmgh  it«  ontK^  wag  strong,  I  mov<.-d  sufuly  acrov*  tJiu  tor- 

ntt  All  danger  ended  Iwrrc.   We  afterwards  roamed  soci- 

lU;  antung  Ibe  torrents  and  boiddera  below  the  Cave  of  the 

^inda.     The  rocka  were  covered  with  organic  sliuie,  which 

ftNiId  not  have  been  walked  otoc  with  bare  feet,  but  tbo 

frit  sboM  clfcctuallj  prevented  slipping.     We  reached  the 

tave  and  eDt«roil  it,  first  by  n  wooden  way  carriod  over  the 

boulders,  and  then  niong  a  narrow  lodgo,(otb«]>oint eaten 

deepest  into  Iho  shale.     Wbiui  (b<!  wind  is  from  the  south, 

the  fiiUing  water,  I  am  told,  can  bo  seen  tranquilly  from 

tbta  spot ;  but  when  wo  wero  there,  n  blinding  hurricaao 

iiftpray  was  whirled  against  u«.     On  tbi;  evening  of  the 

suae  day,  I  went  bcliind  the  water  on  the  Canada  side, 

which,  after  the  esperienoes  of  Uie  morning,  strtick  m« 

us  an  impocture. 

Still  even  this  hitt«r  is  exdting  to  some  norvex.  Its 
offvct*  upon  himsL'lf  is  thus  vividly  dt^scribcd  by  Mr. 
BKkewetl,  jttiu :  '  On  turning  a  vbarp  angle  nf  tbo  rock,  a 
■udden  gust  of  wind  mvt  tis,  coming  from  Uio  hollow 
between  the  fall  and  the  rock,  which  drove  the  ttpray 
diratly  in  otu'  fares,  with  such  force  that  in  an  ini-iant 
w«  werawel  through.  When  in  the  midst  of  this  shower* 
bstii  the  shock  took  away  my  breath  :  I  tumit!  Iiock  and 
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Bcramblnd  mtt  tlia  loow  ttones  to  eaeape  the  con 
The  guiiv  iKKiii  foUoired,  and  told  me  that  I  bad  piaad 
tba  won't  part.  With  that  saniranco  I  made  a  swodiI 
nltt^mfit ;  but  so  wild  and  disordored  ynn  my  imoginatin 
ttiat  when  t  had  reached  half  my  I  cotUd  bear  it  to 
loi^cer.' ' 

To  oompMo  my  Itnowl^dgo  I  desjrod  In  ww  the  feU 
from  Iho  river  below  it,  and  long  negotiations  weio  >^ 
CMHiry  to  secure  the  means  of  doing  so.     Tbe  only  b«t 
fit  for  the  undertaking  had  been  laid  up  for  the  winti; 
but  Uiia  difficulty,  tJirougb  tho  kind  intorvvntion  of  Vr. 
Tdwnaend,  woa  overcome.     Tlio  main  one  waa  to  tteO 
koanmen  sufficiently  strong  and  skilftil  to  nrgo  tbi-  1m> 
'■where  I  wieh*^  it  to  be  tak^n.     The  wo  of  the  ovmer  of 
tlio  boat,  a  liucly-built  young  fellow,  but  only  twenty,  ani 
therefore  not  sufficiently  hardened,  was  willing  to  go;  M^ 
up  the  river,  it  was  stated,  there  lived  another  man  who 
would  do  nnytliing  with  tlio  boat  which   strength  aoij 
daring  could  acoomplUh.     He   oune^      ITls  figure 
t^pressioa  of  face  certainly  indicated  extraordinary  firOH 
1C8S  and  power.     On  Tuesday,  November  &,  we  vtorted, 
oDcb  c^  us  being  ctad  in  oilcloth.    Tbe  eldsr  oarsman 
Ltt  oneo  ftsmmed  a  tone  of  authority  over  his  companion, 
^Bnd  strtick  immediately  in  amid  tbo  breakers  bcluw  tb«' 
American  Fall.      lie   bugged  tbe  cronii  freshets  tnrt«ad 
of  Etrikiiig  »tit  inix)  the  smoothor  water.     I  ankcfl  lii 
why  he  did  so,  and  he  replied  that  they  were  dJreei 
outwardg,  not  dotmwonb.     Vhe  struggle,  however, 
prevent  the  bow  of  the  boat  &om  being  turoed  by  themf 
ras  often  very  wverc. 

The  spray  was  in  general  blinding,  but  at  Ume«  it 
disappeared  and  yielded  nohio  views  of  tli«  £ill.  The 
nlgo  of  tbo  cataxHct  i*  crimped  l>y  indr-ntation«   which 
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j^mflSS^  Here  and  there,  a  little  Iteloir  the 
i  Ic^Bt  a  Moondary  one  juts  out ;  the  water  strikes 
■  ud  burBta  fmm  it  in  huge  protuberant  masses  of  foam  ' 
ad  Eprny.  We  passed  Goat  laUnd,  camo  to  t)io  Hora&- 1 
and  worked  for  a  Umo  along  the  Imso  of  it^  tba 
dvn;  over  which  Conroj  and  myself  bad  scramhlpd  a 
day*  prvvioinly  lying;  bclwefin  uit  and  the  bate.  A 
ck  moA  before  tu,  conctialod  and  revealed  at  intervnlit,  as 
wavea  passed  over  it.  Our  leader  tried  to  get  above 
I  rack,  Gret  on  the  outside  of  it.  The  water,  howcrer, 
i  here  in  riolont  tootion.  The  men  stniojiod  fiwrciOy, 
r  older  one  ringing  out  an  tnoc-«<aiit  peal  of  command 
exliortation  to  tli«  youngnr.  As  we  were  just  clearing 
^Rtolc,  tlie  bow  came  obliquely  to  the  surge ;  the  boat 
turned  suddenly  round  and  shot  with  astonishing 
npidity  down  the  river.  The  men  letumed  to  the  charge. 
How  trying  to  g<-t  up  t>ctweoa  the  half-conccalcd  rock  un<l 
Uut  boilldrn  li>  (lie  loft.  But  lUc  torrent  i-et  ill  iitroiigly 
through  thinclianni-l.  Th«  tugging  wasquick  and  violout, 
Uit  we  iiiai.le  little  way.  At  length,  seising  a  rope,  the 
principal  oantman  made  a  desperate  attempt  to  got  upon 
tiiM!  of  Uie  Wuldcrs,  hoping  to  be  able  to  drag  the  boat 
through  the  channel;  but  it  bumped  so  violently  against 
tbfi  rock,  that  the  man  flung  himself  hack  and  relinquii^bed 
the  attempt 

Wo  returned  along  the  baw  of  the  American  Fall, 
rtuiuing  lu  and  out  among  the  currcubt  which  rushed 
from  it  laterally  into  Uie  river.  Si«n  from  below  the 
AmvHcan  Fall  U  certainly  exquisitely  Iteautifid,  but  it  is 
a  mere  trill  of  adornment  to  its  nobler  ocigbboviT  the 
Korseaboe.  At  timoe  w»  took  to  the  river,  from  tlio 
MQtfe  of  which  thu  Horx-Hlxie  Fall  appcttred  CHpecialty 
magmficent.  A  streak  of  cloud  acroai  the  neck  of  Mont 
Blaae  can  double  it^  apparent  height,  ao  here  the  green 
nimmit  nf  Iho  cataract  shining  above  tbo  naoko  of  qtray 
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ftppeved  lifted  to  on  extrsordiQarr  elevalion.  Had 
HvQuepin  and  Ia  Hontaa  Been  the  fiill  from  tliis  pouUis. 
thvir  Mt-iinates  of  the  height  vould  have  been  pciftdif 
cxctimlilt:. 

From  a  point  a  little  vaj  below  the  American  Fall,  i 
terry  crosaes  the  riTsr,  in  summer,  to  the  Canadian  E)de> 
Bidov  tlio  fciTT  is  a  siupeiision  bridge  for  carriagee  aad 
foot-fMBeiip-rH,   and  a  mile  or  two  lower  down   a  ti* 
raitwuj  ■tupenfion  bridge.     Between  the  knj  and  tke 
Utter  tbe  river  Niagan  flows  unruffled ;  but  at  the  tut- 
p«ntloa  bridge  the  bed  steepens  uid  the  rivt-r  qmckcou  iM 
motion.  Lower  downtlie  gorge  narrowji,and  the nipiditj anil 
turbulence  increase.     At  the  place  called  the  '  Whirlpool 
Kspidfi'  I  estimated  the  width  of  the  river  at  300  feet,  a* 
estimate  confinncd  by  tlte  dwcUttn  on  the  spot.     When  jl 
ifl  remembered  that  the  dnioage  of  n«arly  bidf  n  eontiiuait 
is  compref^od  into  this  apaaa,  tJw  impctuoeity   of  the 
river's  escape  through  this  gorge  ma;  be  imagined.     Had 
it  not  been  for  ^Ir,  Bierstadt,  the  diatinguishcd  phutit- 
grapher  of  Niagara,   I   should   have   quittt^l   the   place 
without  seeing  these  ispids ;  for  tbis,  and  for  hit  agreeable 
company  to  thp  spot,  t  fanvv  to  thank  him.     I-Yom  the 
edge  of  the  <-Iitf  above  (lie  rvpide,  wc  descended,  a  liule  1 
confess  to  a  climber's  di^uM,  ia  nn '  elevator,'  becaim  tlie 
effects  are  best  seen  from  Ibe  water  IpvuI. 

Two  kinds  of  motion  are  here  obWou«1y  active,  ■ 
motion  of  tnmshttion  and  a  motion  of  ondulatiun — Uia 
race  of  the  river  through  its  gorge,  and  the  great  wavai 
genoialed  by  Us  oallixion  wiUi,  and  rebound  &om,  the 
obstacles  in  its  way.  In  the  middle  of  the  river  the  rush 
and  tossing  are  mo#t  violent ;  at  all  eveou,  tbe  impetuous 
force  of  the  individual  waves  is  here  most  strikingly  dis 
played.  VaMt  pyramidid  heaps  leap  iBceasandy  from  thi 
river,  some  of  Uiimii  wiUi  sitcli  energy  as  to  jerk  their  nan- 
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uilU  into  tlH^nir,  where  (iHiy  hnn;;  suspended  aabundlee  of 
liquiii  9iplivnil«s.  Tlin  Htin  shou«  for  a  fewtninuUa.  At 
Litnt^  the  wind,  coming  up  tb«  river,  M«Tcfacd  and  Kift«d 
the  epray,  canying  away  th«  lighter  dropK,  and  k^aving  th« 
heavier  ones  behind.  Waftod  in  the  proper  dircoUon, 
niahows  appearad  and  disappeared  fitfully  in  the  lighter 
miat.  to  other  directioiu  th«  oommoD  gleam  of  the  sud- 
shiae  from  the  vavM  siul  their  shattered  cr»tB  was  exqui- 
sitely heautifiil.  The  complexity  of  tlic  actiou  was  Etill 
further  illustrated  by  the  fact,  that  ia  oame  casoa,  an  if  by 
the  exeioiM  of  a  loeal  explosive  force,  the  drops  were  (hot 
radially  from  a  particular  centre,  forming  around  it  a  kind 
of  halo.  I 

Tbo  first  improssion,  and,  indeed,  the  current  eiplana- 
UoD  of  tbete  rupidti  is,  that  the  central  bod  of  the  river  is 
cumbered  witli  Urge  bouldei«,  and  that  thv  jostling, 
toBsii^,  and  wild  leaping  of  Uie  water  there,  arc  due  to  itN 
impact  against  these  obstacles.  I  doubt  this  explanation. 
At  all  events,  there  U  another  eufficient  reason  to  be  taken 
into  aecoiiut.  Boulders  derived  from  the  adjuocut  cliffs 
visibly  cumber  the  aide*  of  the  river.  Against  the«c  the 
water  rises  and  sinks  rhytlimicully  but  violently,  large 
wave*  being  tinis  prodtiei-d.  On  tlie  generation  of  laich 
wave,  thnrc  is  an  imut^tate  compounding  of  Hie  wave- 
tDoliou  with  tite  river-motion.  The  ridges,  which  in  still 
ir  would  proceed  in  circular  curves  round  the  centre  of 
istorbance,  crees  the  river  obliquely,  and  the  rcstilt  i^ 
that  at  tho  centre  waves  commingle,  whicli  huve  r«ally  been 
generated  at  the  lides.  In  the  first  instance,  ire  had  a 
composition  of  wavc-motion  with  river-motion ;  bore  wo 
have  the  coaUiMcnoe  of  waves  with  waves.  Where  cr>^t 
and  furrow  cross  each  other,  the  motion  is  annitllo<l ;  where 
fiiiTow  and  furrow  cross,  tho  river  is  plouglied  to  a  greater 
depth ;  and  where  crest  and  crest  aid  eadi  other,  we  have 
that  astonishing  leap  of  U>c  water  which  breaks  the  cobe- 
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bIoo  of  the  crcMte,  and  tomea  them  (battered  in 
From  tbc  water  l«v«l  the  cautc  of  the  action  a  not  to 
airily  KfJD ;  but  from  tli«  siironiit  of  th«  cliff  the  latetBl 
generation  of  tbe  waveH,  and  tbeir  piopagation  to  tbr 
centre,  are  perfectly  obvious.  If  this  explanation  be  oor^ 
rcct,  the  phenomena  obeorved  at  tliu  ^^^li^lpooI  Ilji|Mdf 
form  one  of  the  grandest  illustistioiu  of  tlie  prinei|ile  if 
inlor/orrnce.  The  Nile  *  cataract,*  Mr  Huxle;  infomu  me, 
offer*  more  taodersto  eiampW  of  tlie  same  action. 

At  some  distance  below  the  ^^'birlpool  Kapids  vt>  hare 
the  G«lebnt«d  whirlpool  itselil  Here  the  river  makec  a 
•udden  bend  to  the  north-east,  forming  nearly  a  right  angle 
with  its  previous  direction.    The  water  xtriki-^  tlw  oon- 

iCBVe  bftnk  with  great  force,  and  scoop«  it  inc«i»antlir  away. 

^-A  vart  l«Mn  lift*  bwa  Uiiu  formwl,  in  which  ibe  tweep     , 
of  the  river  prolong*  it»clf  in  gyratory  currents.     Bodit^H 
and  treea  which  havR  come  over  the  falli,  are  staled  to  eir-^^ 
culatd  here  for  days  witJioiit  finding  the  outlet.     Prom 
various  points  of  the  difis  above,  this  is  curiously  hidden. 
The  rush  of  the  river  into  the  whirlpool  is  obviooa  enot^h ; 
and  though  you  imagine  the  outlet  must  be  visiblp,  if  ono_ 
existed,  you  cannot  find  it.     Tumiog,  bowmer,  round 

of  the  precipice  to  the  north-tut,  the  outlet 
ate  view. 

Tbe  Niagara  season  was  over ;  the  chatl^x  nf  sight- 
seers hnd  ceased,  and  the  scene  presented  itself  aa  one  nt 
holy  »c('lii«iuu  and  beauty.     [  went  down  to  the  Tinr^_ 
where  U>e  weird  lunelinen  M«ui«d  to  incr«gwo. 
>ia  is  enclusi^l  by  high  and  almost  precipitous  bull 
-covered,  at  the  time,  with  nuset  woods.    A  kind 
mystery  attaches  itself  to  gynting  water,  doe  T^rhtpt  I 
the  fact  that  wc  are  to  some  exteat  igoor«nt 
tion  of  its  force.    It  is  said  that  at'  certain  , 
whirlpool  pino-tr4«c  are  sucked  down,  to  be  ejected  aja 
teriously  elsewhere.  The  water  li  of  the  brightest  emciald  ~ 
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green.  Tfa^  S^rgo  through  which  it  ct>cap«t  in  nurrow, 
uid  the  motion  of  tho  river  «wift  though  «iltmt.  Tfao 
mrfiicc  is  steeply  inclined,  but  it  is  potfeetlj^  unbrokvn. 
Tliore  arc  no  latCfaL  wnvvx,  no  ripplnit  with  their  hrenkitig 
bubbles  to  raiite  a  murmtir ;  while  the  depth  'a  hera  too 
great  to  allow  the  inequality  of  the  bed  to  niffie  the  lur- 
&ce.  Nothing  can  be  more  beautiful  than  this  sloping 
liquid  mirror  formed  b;  the  Niagara,  in  sliding  from  tlie 
whirlpool 

Tim  green   colour   is,  I   think,  correctly  accounted  j 

for   >n  Fragment  VI.     In  ero*»ng  Ui«  AtUintie  I  had 

frequent  opportutitiee  of  testing  the  explanation  there 

Looked  properly  down  upon,  there  are  portions 

if  the  ocean  to  which  we  should  hardly  ascribe  «  trace 
of  blue;  at  the  most,  a  bint  of  indigo  roaches  the  eye. 
Tho  w«tor,  indeed,   is   practically  black\  and  this  is  an 
indicatioo  both  of  it«  d^pth  and  it^  freedom  from  mechani- 
cally suspended  nialLcr.     In  viniiU   tliickneiiws  water  ii 
•easibly  transparent  to   all  kindd  of  light;  but,  as  the 
increaaee,  the  rays  of  low  refrangibility  are  firut 
rbed,  a&d  after  them  the  other  rays.     Where,  there* 
fore,  the  water  is  very  deep  and  very  pure,  all  the  colours 
are  absorbed,  and  such  water  ought  to  appear  black,  as  noJ 
l^t  is  gent  from  its  interior  to  tho  eye.     Theap[Htixlma-| 
tton  of  tho  Atlantic  Ocean  to  this  condition  is  an  indict*  1 
tioo  of  it«  extreme  purity. 

fcTtlrow  a  white  pebble  into  such  water ;  as  it  sinks  it 
ximM  gmcner  and  gicentir,  and,  before  it  dimppran,  it 
iches  a  vivid  blui^roen.  Bnsik  mich  a  pebble  intoj 
gmenis,  each  of  these  uill  behave  like  the  unl>rokni^ 
tnisa  ;  grind  the  pebble  to  powder,  every  particle  will  yield 
its  modicum  of  green  ;  and  if  the  particles  be  so  fine  as  to 
remain  suspcoded  in  the  water,  the  K-attered  light  will  bo 
•  aniform  green.  Hence  the  grvcnneM  of  shoal  water. 
You   go   In   b«tl   with   tho  black   Atlantic  around   you. 


I 


f 


You  rise  in  the  morning,  fiud  it  a  vivid  ^rcrn, 
correctly  infer  th«t  you  »rc  crowing  the  bank  of  Ne«r«' 
foundland.  Such  wiitcr  is  fonnd  charged  with  fiD» 
maftw  in  a  »t&lo  of  mochanical  suspenaon.  The  light 
&oni  tli«  bottom  mny  sometimes  come  into  piay,  but 
it  i*  nut  noousnrj.  A  storm  ean  render  tbe  water  moiidy. 
by  rendering  the  paiticke  too  numerous  and  gross.  Sudi 
a  case  occurred  towards  tbo  dose  of  m;  visit  to  Niagsn. 
There  had  been  rain  and  storm  in  the  upper-lake  rogioos, 
and  the  qnautity  of  suspended  matter  lirought  down  quite 
extinguished  the  fasc inalJut;  groen  of  tbe  Korfesboe. 

Nothing  can  be  moro  superb  than  Uie  |^-cn  of  ibo 
Atlantic  waves,  when  the  circumstances  are  farourablo  to 
the  exhibition  of  tli«  colour.  As  lung  as  a  wave  remains 
unbroken  do  colour  appears ;  but  when  the  foam  just 
doubles  over  the  creeit,  like  an  Alpine  snowH»mioe,  undrr 
tbe  oomice  we  often  see  a  diapUy  of  the  most  exquisite 
green.  It  is  metallic  in  ita  brilliancy.  But  the  foam  is 
BeceBsary  Ut  it«  production.  Tbe  foam  is  fint  iUuminaled, 
and  it  scatters  the  lijjht  in  all  directions;  the  light  wbicb 
passes  through  tltc  higher  portion  of  the  wnve  aloDo 
raaehes  tbo  eye  and  gives  to  Uuil.  portion  its  mntchlntt 
colour.  Tbe  fulding  of  the  wave,  pr<xlucing,  as  it  dor«, 
a  series  of  longitudinal  protuberances  and  fiirrowa  which 
act  like  cylindrical  lenses,  introduce*  rariations  in  tbe 
intoiisitr  of  the  light,  and  materially  enhances  iU  bean^. 

We  Itavv  now  to  consider  the  gvnv!<is  and  proximate 
d«(tiiiy  of  Uie  Falls  of  I^iaganu  Wi>  may  open  oor 
way  to  this  subject  by  a  few  preliminary  remarks  upon 
erosion.  Time  and  intensity  are  the  main  factttr*  nt 
geologic  change,  and  tbcy  are  in  a  certain  scom  a>tw 
Tertlble.  A  feeble  force  acting  through  l-'-.-  ■■  is,  and 
an  intense  force  acting  through  shott  m.  prodorr 

appTeiimat«Iy  the  camo  results.    To  Dr.  Ilookfr  I  havs 


««  tndelited   for  sune   specimens  of  MonSS^Itn;  firrt 

ttUDplM  of  vhicb  were  picked  up  by  Mr.  Ilackwonli  on 

*l»  Aatm  of  Lyell'if  Bar,  tiwir  WfllinKt/m,  in  New  Z»«1«im1. 

iVy  were  di>scrib«!<!  hy  Sir.  Tnven  in  the  '  Tnuitacttons 

fttivi  New  Zealand  Institute.'     UiKoquainted  with  Iheir 

["^"i  T°^  would  certmnly  ascribe  their  formb  to  human 

iarlunati»liip.     Tbcj   rrccmblo  knives  and  upcar-hcods, 

kidg  apfKUvntly  chiE^IIod  off  inlo  iaocts,  with  a«  much 

Ulention  to  symmetry  a»  if  a  tool,  giiidt!d  by  Iniman  in- 

LteUigeQce,  had  puwd  over  tliem.     But  no  liuman  intitru- 

it  baa  been  brought  to  bear  upon  theee  etooee.    They 

•w  b«in  wrought  into  their  present  ahapo  by  the  wind- 

aaod  of  Lyvll'tt  Bay.     Two  winds  are  dominant,  bore, 

they  in  Buco<!«»ion  urged  Hits  (and  agnioft  op]>OHte 

odea  of  the  stone ;  every  little  particle  of  sand  vbippcd 

■way  its  intiniteaimal  bitof  stonei,  and  in  the  end  sculptured 

these  singular  forms.' 

The  Sphynx  of  Egypt  is  nearly  covered  up  by  tlie  sand 
of  the  dcscit.  The  neck  of  the  Spbynx  is  partly  cut 
BcrosT  not,  n»  I  am  asmnxl  by  Mr.  HuxliTy,  by  ordinary 
»eath*^ng,  but  by  Ibc  eroding  action  of  the  fine  8an<l 


'  *ThaM  ■)£•«,  ahitk  har«  >  •Unng  rctcmblnaca  la  vorta  of  biimna 
wl,  oreiu  in  (Mat  abwudcno*.  kiid  of  ranoiui  »um,  fmm  biir.mi'iucli  to 
■mml  iixfata  in  Inigth.  A  Ihtk*  iiamWr  wtn  •xhilijud  diowinit  ilio 
TwioBt  fomi*.  vliioli  an  ihoH  of  Wtdgt*.  knino,  nrraw-hcnili,  &e.,  and  all 
*iUi  <ili4rp  cnuiog  viIbm. 

■  Vf.  TnT<n  tiil«iDid  llint.  ootaitlubLDdiag  thoir  lutiflcin)  appaamiicr, 
ikmateoM  <r*n>lunncd  bj  tbernltuiB  action  of  thewinddrivm  taul. u 
It  ^ai— 1  b>  and  fto  oviv  an  npfatil  bociIdtT'tniik.  ]]•>  gnr*  a  minuta 
neeaatA  of  U>»  manatr  !b  vhich  tlia  mriBtUa  of  torm  u*  laoJoMd.  and  re. 
fared  M  tlM  (SkL  vhidi  th»  aTOMTo  action  Onu  isdioitsl  *uul4  bar*  oa 
nOn;  and  citba  worta  «ieenl*d  on  nnd/  ti*ct«. 

•Dr.  Hcrtorrtol*]  UiiitaUbi>a||b.iiaacnnif^  tk»(pccimen>  on  IhaUble 
CMld  not  •■U  tx  nwDOM  for  ■rtildal  pradadioni,  (till  tlu  funna  an  aa 
jaoUar.  anl  iJii  t^gm,  imntvwOt  Ifcuo.  wd  fttUA  tkat  U  ihf;  vm*  dia- 
rOTvd  UM)tinl*4  Biili  bsRian  ynA*,  tbtr*  ia  DO  doubt  tbal  Uiaj  would 
han  (Man  rabcnd  to  tlia  •».aiUed  "  *lana  pniod."  '—gtlraeft  /root  lit  • 
MmrM  •/  It*  rr«Utof  «m  JlUaHpUai/  ^Kwry;  Fcbrauy  D,  1809. 
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tiloirn  o^lul  it.  In  Iheee  cases  Nnttin:  rumitbei » ^ 
huiUwltich  m&y  be  taken  tMlvaJiUign  of  Id  art;  audi 
action  of  sand  bu  btwn  nsoetitljr  tunied  to  extnonlii 
aeeount  in  Ibe  Coifed  Stat«9.  When  in  Boeton,  1 
taken  by  Mr.  JoNioli  Qutucey  ta  aee  Uie  acUoo  q(  < 
mtfUUtlaa.  •  A  kind  o(  hopper  containing  tine  rilictM, 
Mod  «nu  OMitu«l<:d  with  a  reservoir  of  cuinpi\-»ed 
the  preasure  being  variable  at  plcacun*.  The 
mdi^  in  a  long  slit,  from  which  the  cuod  waa  blown.  A 
plate  of  glasa  was  plaonl  bvocatli  tiiis  slit,  and 
^asa  slowly  under  it ;  it.  caias  out  perfectly  dcpalij 
with  a  bri(;ht  opalri«<;ut  glimmer,  swh  as  could  onU  I' 
producctl  by  the  most  careful  grinding.  Every  liltl> 
partido  of  tand  urged  against  the  glass,  lu^-ing  all  i** 
energy  eonoentratM  on  the  point  of  impact,  f'>rmt-d  tht^ 
a  little  pit,  Ihedepolisbed  surface  coosieting  of  inniuanaUt 
bulloirs  of  this  description. 

But  this  wa«  not  all.     By  protcctttig  certain  portiontoi ' 
the  eurfaoc,and  expodng otlwts,  figumand  troc^try  ofanf] 
retjuiriTd  form  conltl  be  etched  upon  thoglaas.     The  figutu* 
of  open  irou'work  could  be  tJius  copied ;  while  wire-gauK 
placed  over  the  glaaa  produced  a  reticulated  pattern.    Bvit 
it  rcniiiircrd  no  tuch  resisting  substance  as  iron  tu  shelter 
the  glass.     The  patterns  of  the  finest  Ince  cniild  bo  thia 
reproduced ;  the  delicate  fdaments  of  the  lace  itaelf  olTertng 
a  »viffi<!ient  prolectlen.   All  these  efieota  have  been  obtained 
with  a  simple  model  of  the  sand-blast  demised   by  my 
Bwistant.    A  fraction  of  a  minute  suffices  to  etch  upon 
glaat  a  rich   and  benutiftd  laco  pattern.     Any  yielding 
lufastance   may   be  employed  to  pruU-ct   the  glass.     By 
immediatc4y  diffusing  tlie  iiboek  of  the  paHicIe,  such  sub- 
■lances  practically  duttroy  the  I>>ca1  erosive  [i»ir(,-r.     Tb^ 
■  hand  ciiu  Ix'jir,  vrilJtout  inconvenience,  a  saod-Hhower  whieH 
would  pulverise  glass.     Etchings  executed  on  glaKS  witS 
suitable  kinda  of  ink  are  aocurntely  worked  out  by  OJ 
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nod-blast.  In  fact,  irithin  cvrtain  limits,  th«  harder  the 
lUT&ce,  the  ffTvaUsr  it  th«  coDMutmlion  of  tbo  diock,  and 
tha  mora  cflfrctiiul  is  the  arosioD.  It  u  not  seccauirj 
that  the  «aad  nhould  Ix:  th«  harder  Hibetauce  of  Uie  tvo ; 
coninduo),  for  examfile,  i#  mucli  harder  Uian  qiiarU ;  stil), 
iiart£'i«aDd  caa  not  only  dapoliah,  Intt  aetuallj  blow  a 
lie  through  a  plat«  of  oonuuluni.  May,  glasa  may  be 
illabed  by  tho  impact  of  fioo  shot;  the  graina  in  tbis 
eaee  bruuiDg  tho  gLosa.  before  thi^y  ha vo  timo  to  Batten,  and 
tarn  their  cnoi^y  into  bvat. 

And  here,  ia  pawing,  we  may  tie  together  one  or  two 
apport-iitly  unrelated  facts.  Supposing  you  turn  on,  at 
the  lower  part  of  a  house,  a  cock  which  is  fed  by  a  pipe 
from  a  cistern  at  the  top  of  tho  house,  tie  column  of 
mter,  &om  the  cistern  downward*,  ia  set  in  motion.  By 
turning  off  tbe  cock,  this  motion  is  stopped ;  and  when 
the  turning  off  is  veiy  sudden,  the  pipe,  if  not  strong,  may 
borit  by  the  internal  impact  of  tho  water.  By  distiibu- 
ig  tbo  turning  of  the  ooek  over  half  a  Eecond  of  time,  the 
lOckanddangerofrDpturenwy  bo  entirely  avoided.  We 
have  here  an  example  of  the  o(H)centration  of  energy  in  time. 
The  aand-bUst  illustrates  the  ooneeetration  of  energy  in 
gpace,  Tbe  action  of  ilint  and  steel  ia  an  illustration  of  the 
nme  principle.  The  heat  required  to  generate  tbe  fpark 
ia  intense;  and  the  mochanical  action,  being  moderate, 
miMt,  to  produce  fire,  be  in  the  hij^hest  degree  cou- 
oeotrated.  Thia  cooceutntion  is  aecurod  by  the  collision 
of  hard  sub^taiMek.  CaloHtpar  will  not  supply  the  plaee 
of  flint,  Dor  lead  the  place  of  steel,  in  tbe  pniduction  of  fire 
by  coUiAon.  With  the  •ofter  substanccH,  the  total  heat 
pmdoccd  may  be  greater  than  with  the  hard  ones,  but,  to 
produce  the  <park,  tiic  bcftt  mu«t  be  intoneely  lacatieed. 

But  we  can  go  far  beyond  tliv  mere  depolishing  of 
f^amt ;  indeed,  I  have  already  said  tliat  quaitK-and  cai. 
wear  a  bole  through  corundum.     Tbis  leads  me  to  eipresui 
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017  ackoovladgBMoti  I*  Omnm]  Tngbtnan,'  who  it  (b* 
invmtor  of  tto  wn^lilMitb  To  bis  spontaooous  kinibot 
I  «m  inilebiAd  for  eome  beaatlful  illustnitione  of  bf 
la  one  thick  plat^  of  g\zs»  a  Ggttre  boa  tM 
orked  out  to  a  depth  of  ftbs  of  an  iacb.  A  seeoDiJ  pU«i 
[tbi  of  an  inch  tiiick,  is  ADtircly  perforator.  ThroQgh  ■ 
feircular  plato  <tf  marble,  nearly  half  an  inch  thtfk,  fn 
irork  of  tho  most  intncatc  and  otalmTnto  doifcH  ptiun  iat 
i  cxccutcil.  U  would  prolnbly  take  many  day*  to  ptr> 
thi«  work  by  any  onliwary  proeeia;  willi  Ihe  an^- 
it  waa  aooomplidied  in  an  hour.  &o  tniivh  fi>rtlM 
strength  of  tha  blaat;  its  delicacy  is  illikitTsted  iifi' 
lutiful  oxatnple  of  tine  erpra\-ing,  et«)i«d  on  glaa  lif 
rtneana  of  the  blaat.* 

Tliia  power  of  oroaioaTSO  ctrikingly  diitplny«d  vbtti 
itand  Li  urged  by  air,  ly^tulers  u»  better  able  to  ctmcJiivelU 
action  wben  ur^^  by  water.     The  eri»ire  power  of » 
river  is  vastly  augmented  by  the  solid  matter  carried  aksg  I 
with  it.     Sand  or  pebbles,  caught  in  a  river  vortex,  can  I 
wear  away  tlio  hardert  rock ;  *  potlioloa '  and  de«p  i^liii-| 
drical  shafta  being  tbns  produced.     An  cxtraordinaiT  I 
Hiaucc  of  tliis  kind  nf  enwiun  \*  to  be  ntrxi  in   the  Til] 
Tounianehe,  a)K>ve  the  village  of  tbi«  name.     Tho  gorge : 
llandock  has  bo«n  thus  cut  out.    Such  waterfalls  were  on 
frequent  in  the  rallers  of  Switzerland  -,  for  bartlly  anf 
valley  is  without  one  or  more  Inmavorse  barriers  of 
ing  material,  over  which  the  river  Hewing  through  tlri 

'  Tb*  kiMorlxat  povv.  If  I  out  ua*  iIm  plina*.  •lertol  by  iba  In 
I  trill  arU  in  tb*  tToiivd  St&U*.  U  fcrdbljr  UIiutfMtad  hj  tlm  rnpiil 
poTtuan  lik«  Mr.  Tilf[liinaB  fnxo  tha  lifaof  tWatldhr  toUuitof  ili(C3?iH 
aimgnl  UtCtallnit,  nrow  n  ciTil    ngiBtar,  vhan  I  (wJ  tba  hgoonij 
lurintljr  mntiog  ia  Ntw  York.  i*a  mortomiDaat  antDplaof  rknaaa 
At  Uir  eiidorilui  wnr.  iBiltid.  a  nillioa  nxl  a  hiitf  of  aifmrpniliu*  dr 
in  aa  aeuaiiliingl;  thott  tinu',  fMm  Mllitar;  <o  riril  lif>-.    It  ii  nl>t 
tliat  a  nMion  nttli  tboae  ti«lcticM  «ail  bar*  no  •tcalrs  f..r  nr. 

■  Th*  auid-blul  will   ba   ia  opentka  UiU  jtfu  a  Uu  Koann 
InMnaliunal  Kxhilutwn, 
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valley  onoo  f<}U  u  a  cataract.  Ntar  Punlfonua,  in  the 
Eogulin,  there  i«  such  a  case ;  a  hard  gneiss  being  there 
worn  anaj  to  form  a  gor{^,  through  vhicb  the  river  from 
tba  Mortcnit«ch  glacier  rtishe*.  The  harrier  of  the  K  ircbet 
abare  Mayringen  i«  al»o  a  com  in  point.  Behind  it  m»  a 
lake,  derived  from  the  glavii-T  of  t)u!  Aar,  and  over  Uiu 
torrier  tJ»  lake  poured  itd  ezceu  o(  water.  Here  tlie 
rock,  bring  limeistone,  vaa  in  great  part  diaaolvcd ;  bat 
added  to  this  wo  had  the  action  of  tbo  sand  parlidei 
carried  along  by  the  water,  each  of  which,  na  it  struck  the 
ru«-k,  chipped  it  away  like  the  purtick-i:  of  the  snnd-bhwl. 
Thus,  by  solution  and  mechaniGil  trunioii,  the  great  chaiim 
of  the  FietisteFaaracblucht  was  formed.  It  ia  dcmonBtrable 
that  tb«  water  which  flows  at  the  bottoms  of  such  deep 
(isuiea  once  flowctl  at  the  level  of  Khut  is  now  tlK-ir  e<(l;;eF, 
and  tumUcd  down  the  lower  faces  of  the  barriers.  Almost 
every  valley  in  Switicrland  fumiMhra  examples  of  this 
kind ;  tlie  untenahht  hypnthiwta  of  enrth(|iink(!ji,  onc<!  so 
readily  resorted  to  in  accounting  for  these  gorges,  being 
DOW  for  the  most  put  abandoned.  To  produce  the  Cofiona 
of  Weetem  America,  no  other  cause  is  needed  t  buu  tho  iu- 
tefntion  of  eGTccts  individually  infiniteamal. 

And  now  wo  come  to  Niagnro.  8oon  after  Europeans 
bad  taken  poaicMton  of  the  country,  the  conviction  appe«n 
to  liave  arisen  that  the  deep  channel  of  the  river  Niagara 
beluw  the  falls  had  been  excavated  by  tbo  cataract.  In 
ill.  Bakcwell's  *  Introduction  to  Geology,'  the  prevalence 
of  this  belief  has  been  referred  to;  it  iscsprcMM.'d  thus  by 
Profc«»or  Joccph  Henry  in  the  '  Tnmsactiont  of  the  Albany 
]nitltut«:'*  'In  viewing  the  position  of  the  falb,  and  the 
batttres  of  the  country  round,  it  is  impossible  not  to  be 
{npreased  with  the  idea  that  this  gr«-at  nattiral  raceway 
hu  bc«n  formed  by  the  continued  action  of  the  irresirtible 
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Kiag^ara,  and  tliat  th«  &llf,  Winning  nt  I<cwi»>ton,  !u 
in  tliu  course  of  aget,  worn  btick  I  tic  rocky  d^u  lu  tb 
preKCot  «itij.'    Thi)  itnaM  ?iew  u  advocated  bjr  Sir 
L;el],  hy  Air.  Ilall,  by  HI.  Agaesue,  by  Profesaor 
indeed  by  most  of  those  wlio  haro  inspected  the  ■phm. 

A  coddccUkI  imnge  of  the  origin  and  prot^es*  of  I 
oUaract  it)  cit^Jly  obuiiiRl.  Wnlking  ii»rthward  ffoal 
village  of  Niagum  FhUh  lij  the  attic  of  tlie  nver.  vre 
lo  WW  left  Ui«  d«ep  and  comparatively  namnr  g 
through  which  the  Niaj^ra  flows.  The  boundin];  clift| 
this  gorge  are  from  3O0  to  3^  fnct  high.  "Wo  roKltl 
whirlpool,  tnjDtt  to  U»e  Dorth-«9iit,  and  after  a  little  liw 
gradually  rr-«ume  our  Dorrhwsrd  oaur&e.  Finally,  at  i 
seven  miles  from  the  pn-scul  fulls,  vc  come  to  the  r^g 
n  declivity,  «rhieh  infoniiN  u«  that  we  have  been  hilbcf-^ 
walking  on  tabli-hind.  At  soine  hundredn  of  foct  VJ"* 
IIS  is  a  comparatively  level  plain,  which  stretehi^  U>  Uike 
Untario.  11»e  declivity  marki;  the  end  of  the  precipitwB 
garble  of  the  Niagara.  Hero  the  river  escapes  from  iO 
Btecp  mural  botrndarie*,  aud  lu  «  widc-ard  bed  pnrsuet  Ui 
way  to  U>e  lake  which  finally  received  itit  wutwv. 

The  finct  ihnC  in  historic  times,  even  within  the  mciobiy 
of  man,  Um;  fall  haaiceDKibly  reot^<Hl,  ])rompt»  tbo  ijnestion,  | 
Ifow  far  has  this  receaiion  gone  ?     At  what  point  did  tbn  I 
ledge  which  thus  continually  crei'pii  liackwanU  liegin  itif 
Mf  ogrado  couraef    To  minds  disciplined  in  such  n»Karcfa>; 
the  aniwcr  has  been,  and  will  be — At  the  precipitous  de-| 
clivity  which  cnwMcd  the  Niagara  fn<m  Iicwisfna  oo  the 
Aiuericap  to  Qiioe«s)*>n  on  the  Canadian  Ride.     Oter  tbil 
Iniu«V(>»('  barricrlheunitc-dalllui-iitaof  all  Lhi*  tipper  lakii 
once  poured  their  waters,  and  here  the  work  of  cnMiii 
began.   I'he  dam,  moreover,  was  dcmoDEtrably  of  fiulSvtent^ 
heiglit  Ui  otUK!  the  rivrr  abovu  it  tu  submerge  Goat  (Ahiud  ; 
and  tliiji  wutdd  perfectly  Account  for  the  finding  by  Sia 
Charles  Lyell,  Mr.  Hall,  and  others,  in  the  Biuid  and  gimvtfl 


F  ''''  '  lanii,  the  snnie  fluvialile  slielli*  ai  are  now  found 
I  ^  i.-ignni  River  bi^li^r  up.     It  would  also  accoitpt 

■  ifUioAt;  ileporiu  along  the  sides  uf  the  lircr,  the  discovety 
M  of  ibich  rtial>lrd   l.yM,  Halt,  and  Riinuaj  to  reduc«  to 

■  danooEtfaticin  i!w?  [lOjntltir  Wlicf  tlmt  the  Xiagnra  once 
m  tn»^  Uiroiigfa  a  sballaw  valley. 

■  TIk*  pliThicc  of  tbe  problem  of  excavation,  vhich  t  inadc-i 
H  dnr  in  my  mind  iK-foru  quilting  Niagara,  aro  revealed  by 
Ha  doae  tnxpeetion  of  lh«  prvs»nt  Monesboo  Fall.     We 
V  *»  etidently  Ihat  tlje  grcatcai  w<-ight  of  wat«r   bond! 

■  Met  tlic  very  apes  of  Ibe  llorseaboe.     In  a  passage  in  bin 
H  "cdlont  chapter  on  Nia^ra  KalU,  Mr.  Hall  alludes  (a  I 
F   '"■•  but.     Hero  we  bavc  tbo  iuci<t  copious  and  tlie  mostj 
I    Client  wbirling  of  titv  lOiuttvrcd  liquid;  here  tbe  most 
I    ^xterfu]  dldios  rceuil  against  Uie  ithale.     From  tbis  por- 

■  1^11  of  the  fall,  indi«d,  tbe  spray  sotDettroes  ri^cs  vrithoiib 
H  KlntiuD  of  continuity  to  tbe  re^on  of  clouds,  bccouiing 
Bundually  more  attfrntiabcd,  aad  pnturing   linally  through 

■  Ib«  condition  of  true  oloud  into  invi.-ubli^  vii^iour,  which  is 
P  nuictitDcs  icprccipitHtwl  higher  up.     All  the  phctuomena 

I  paint  diHtinvtly  to  tlip  cfintre  of  the  river  as  tbe  place  of  1 
F  gTMU-ttl  tnecbanioil  energy*,  and  firom  the  centre  tbe  vigour 
«f  lliu  fall  gradually  dies  away  towards  the  sides.     Tbe 
Uoraesboe  form,  with  Uie  ooncavi^  facing  downwards,  is 
no  obvious  and  necessary  conifcqiiviici^  of  thi«uetinn.    Kigbt 
aluog  Ibii  tnidiJlo  of  th«  river  tbe  apex  of  the  curve  pushes 
it«  way  backwards,  cutting  along  the  centre  a  deep  and  ' 
dum {jam lively  narrow  groove,  and  dniining  the  sides  as  it 
pniwrn  them.'     FTencr  tiiv  ntmarkable  diKcrepancy  between 
tbe  widths  of  tbe  Niagara  al»ovtf  and  bidow  tlift  HorjKwboc 
.Ul  along  its  coiirae,  from  Lewtaton  Heights  to  its  prewmt  ] 
pontioD,  (he  form  of  tbe  fidl  was  probably  that  of  a  hoTee~ 

•  !■  lludiMnnm  tburaTtitioi  of  th«  (vnliv  iiaii4nilM(««[ilia*iili«  ' 
meliau  *u  iUuinud  t.j  H  mnJid  dariioi  by  taj  MKttutU  Ur.  Jobu  | 
Coma 


313 


rBAOUBIfTS  OP  fiCIRNCE. 


nbos ;  tor  tbU  it  merrljrUtecipreft'ion  of  tli«  grcAlur i^ti. 
and  eonaequontlv  {;r«ateT  excavating  power,  of  the  onln 
of  the  river.  TIib  gorge,  moreover,  varies  in  widtb,  u  li« 
dep4li  of   tbo  centre  of  the  aacicat  river  Tvied,  Wif 

I  narrowest  wberc  lUat  d<-ptb  lout  gmtatt. 

Tba  vast  comparative  erosive  energy  of  IW  Honotic 
Fall  comes  strikingly  into  view  when  it  aiid  tltft  Anurioa 
Foil  are  comparod  together.     The  American  branch  nf  lir 
nppcf  river  i»  citt  at  a  right  angle  by  the  gorge  of  th» 
Ningora.     Hero  the  Uuisegihoe  F»li  was  the  real  emvalf- 
It  ciit  the  rock,  and  formed  the  precipice,  over  which  Itf 
Araerkan  Kail  tumhlM.    But  since  its  fbrmation,  theo** 
sivo  action  of   ttie  American    Fall  has  been  alovott  tdL 
whilt'  the  Homnboo  lui*  cut  itK  way  for  500  yards  am* 
the  «nd  of  Goat  Island,  and  is  now  doubting  hack  to  »• ' 
eavate  ita  channel  parallel  to  the  length  of   tbc  iiiu'- ' 
This  point,  which  im[Hre««d  me  forcibly,  ha^  nol,  I  Ut« 
just  learned,  escaped  the  acute  obsorvation  of  Profee" , 
Ramny.'   Tlifirivfrrbciids;  theHorscsboo  immediatelya"! 
eommodatu  itM-tf  to  the  Lwuding,  aud  will  follow  implicidt 
the  diroetioD  of  the  deepest  vnter  in  the  upper  strwtD-J 
The  Sfxibility  of  the  porge,  if  I  may  u»e  the  Uirm,  i»  de-l 
tt-nniu<-d  by  the  flexibility  of  the  river  cbiuiD«]  above  il-| 
Were  the  Niagara  centre  above  tbo  fall  siouowt,  tlie  j 

.would obediently  follnw  itaRintKwiti^^s.   0>ic«  mggestod,! 

'  doubt  geograplit^m  will  lie  able  to  [tutnt  out  miiuy  exampl 
of  this  action.    I1te  Zambesi  is  thought  to  preaont  a , 
lifficiilty  to  tbft  crcwion  theory,  liccause  of  the  siiiuoni}! 

'  of  the  chasm  below  the  Victoria  FalU.    But',  assiuning  i 
banlt  to  lie  of  tolovbly  iioiform  tfsttux-,  had  the  rit 


■  ITii  VDOb  SI*;  '  WbM«  ib»  toil;  of  mtet  b  imtU  la  ill*  Ai 
EvU.  tlie  cd^-g  ha*  only  (M*dad  a  fV*  jard*  (wbm  tmwt  mijnjjiltiiiqt  tka 
UmH  dud  lh«  OsiwdUa  FaQ  lua  itntdol  &«n  tha  ootik  cornar  of 
IiUnil  to  ita  iKDcrtnoti  ourrr  of  Ui«  BtatriitM  Fall.'— Vxrt.  n^  Ai 
•//  (iKlMfHltl  Smirlf.  ll*j  1849. 


XIAGARA. 


943 


been  cnminvd  licfure  the  formatiOD  of  tliU  «inuotu  cluutiK-l, 
the  pr«M!tut  ligag  couree  of  the  gorge  Xttloi*  the  fall  cuiiUI, 
I  urn  persuaded,  have  be«ii  predicted,  while  the  soimdiuK 
of  &e  preeeat  river  would  eoaUe  m  to  predict  the  coune 
to  li?  pursued  by  (bo  eroeion  in  the  future. 

Bui  not  only  has  the  Niagara  River  cut  the  gorge ;  it 
ha  carried  avay  tlie  cbip«  of  it&  owd  workshop.  The 
ohalc,  being  piobfthly  crumbled,  la  cosilj  carried  away. 
But  »b  the  baite  of  the  ia\i  wo  find  the  huge  boulilers 
■dnndy  described,  and  by  some  rooans  or  other  theae  are 
niuovcd  down  the  river.  The  ioe  which  fills  the  got^e  in 
*intcr,  and  which  grapples  with  the  boulders,  ha»  been 
nsunjed  as  the  traneporting  agent.  Probably  it  is  eo  to 
.■hdo  eit«nt.  But  cro«ioD  acU  without  octudDg  on  the 
ing  points  of  tW  boulden,  thus  witbdiawiog  their 
>and  urging  them  gradually  down  the  river.  .S»- 
liitioo  ah*o  does  its  portion  of  tlie  work.  That  solid  matter 
ii  carried  down  is  proved  by  the  diSerenoe  of  depth  between 
tic  Niagara  River  and  Lake  Ontario,  where  the  river  enters 
it.  Thv  depUi  TuIIh  from  T2  feotto  20  feet,  in  cnn«oi|uence 
of  Uie  deposition  of  solid  matter  cauned  by  the  dimtutsbed 
motion  of  tbe  river.' 

The  aocorapanying  highly  instructive  map  has  been 
jBdooDd  from  one  published  in  Mr.  Ilall's  *  Geology  of 
Kew  York.'  It  in  bacvd  on  s<uTcys  executed  in  1842,  by 
Uaans.  Gibson  and  Evershed.  The  ragged  edge  of  the 
American  Fall  north  of  Qoat  Island  marks  the  amount  of 
MOaion  which  ■(  has  been  able  to  aeoomplish,  while  tlw 
Honeohoe  Fall  was  cutting  it«  way  southward  across  the 
end  of  Goat  Island  to  its  present  position.  Tbe  Americaa 
Fall  is  16H  Twi  high,  a  prccipico  cut  down,  not  by  itself, 
but  liy  the  Horeeshoe  Fall.  The  latter  in  1642  w^  159 
feci  high,  aud,  as  shown  by  tbe  map,  is  already  turning 

•  Nmf  Uw  moalli  of  Iki  gorx«  ■!  Qdvukoii.  the  ilapU>.  •ttrinlinR  lo 
■Im  AdmlmJtj  Obui,  ■■  ISO  iNii  wall  Biilain  the  gpip  U  ■  192  fMl. 
It 


to  excarate  iU  gorge  along  tha  oentie  of  tbe 
iip]>^  river,  p  is  the  apex  of  the  Horseshoe,  Hod  t  mark* 
the  site  of  the  Terrapin  Tuwer,  vrilb  tho  proniontorj'  ftd- 
jaecait  round  which  I  was  conducted  by  Conro/.  Pro* 
liably^ince  \M^  lh«Honeiiboehu  worked  back  beyond  the 
position  here  assigned  to  It. 

In  conclusion,  we  may  say  a  word  regarding  the  prozi- 
luate  future  of  Niagara.  At  the  rate  of  eicaration  assigned 
^^A  it  by  Sir  Charlca  Lycll,  namely,  a  foot  a  year,  firv  thou> 
^^Ld  yean  or  ro  will  cuiy  the  HonMMhoo  Fall  far  higher 
^BkD  Goat  IrUnd.  As  tlie  gorge  recede*  it  will  drain,  as 
^%  haa  hitherto  done,  lite  banks  right  and  left  of  it,  thus 
leaving  a  neiuly  level  terrace  between  Goat  Island  and  the 
edge  of  the  gorge.  Higher  up  it  will  totally  drain  tlie 
tcan  branch  of  tba  rivor ;  the  channel  of  which  in 
timo  wilt  become  cultivaUe  land.  The  American 
will  then  be  transfurmod  into  a  dry  precipice,  forming 
imple  cou tin  nation  of  the  cliffy  boundary  of  the  Niagara, 
the  place  occupied  by  the  fall  at  this  moment  we  ehall 
TD  the  gorge  enclosing  a  right  angle,  a  scoond  whirlpool 
b^ing  tbcooittec|UCDccof  this.  To  thoec  who  visit  Niagara 
a  few  mitlenoiiuns  Iioiice  I  luavo  the  reritication  of  this 
prediction.  All  tliat  can  be  nid  la,  that  if  the  canwa  dow 
to  action  continue  to  act,  it  will  prove  itaelf  literally  true. 
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LIFE  A.VD  LETTRBS  OF  FAMADAT. 
IS70. 

FrDERTAKEN  and  exe<'.utje<l  in  a  reven^it  and  V^ 
■pirit,  tlie  work  of  Dr.  Bence  Jones  raakea  Fkn&7 
tlie  virtual  wriUr  of  bis  own  life.     Evtrybody  now  Iffl*" 
tbe  Aorj  of  Uio  philosopher's  hirLh  ;  that  bis  lalbM  W 
smith :  that  h«  wan  bora  at  Kvwiagton  6u<t«  ■□  1^' 
that  bu  nn  along  llio  London  pareoienld,  a  brij^ht-t,^ 
onrnad  boy,  with  a  load  of  brown  curls  upon  his  la-ad  u^ 
a  paeket  of  ncwtpapcra  under  bi«  arm ;    that  tbo  b^t 
tnast«r  was  a  bookaeUer  and  IxKikbinder — a  kindl;  nm. 
who  beoaine  attacbed  to  the  little  fellow,  and  in  due  tinw 
made  bim  his  apprentice  without  fee ;  that  during  \» 
apprenticeship  ho  found  lii«  appetite  for  knowled^  pn>- 
vokod  and  Htreiigibened  by  the  -b(»>k)i  bo  stjtcbnd 
ortvorot.     Tbus  he  grew  in  wisdom  and  tilaturc  to 
yvar  of  legal  aumbocM),  when  be  appMis  in  the  vol 
bnforo  lis  as  a  writer  of  letters,  which  reveal  bis  ooei 
tiOD,  acq uirvm cots,  and  tonu  of  mind,     llis  correspondi 
was  Mr.  Abbolt>  a  mi^mlHrr  of  tho  Society  of  FrieDda,  wi 
with  a  forecast  of  bis  curreipondont'it  grentni>M,  pri 
his  letters  and  produced  tbem  at  the  proper  time. 

In  later  yean  Faraday  alwaya  carried  in  bis  pookel 
blank  card,  on  which  he  jotted  down  in  pencil  bis  thoi 
and  ntenMimnda.    K«  made  hi*  note*  in  Ibe  laboratcuy, 
the  theatre,  and   in   the  streets.     This   diatnui  of 
memoiy  reveoU  itwlf  in  bts  first  letter  to  Abbott. 


^RpSuon  ttat  DO  nciw  enquiry  abonld  be  started  betweeo 
P««at  borore  the  old  one  had  been  exbaiutively  dJwaned, 
r araday  objccU.  'Your  DoUon,'  he  says,  '1  can  hardly 
^lo«,  for  the  following  Tcuon :  idow  and  thoughts  spring 
^p  ia  my  mind  which  are  irrevocably  loet  for  vant  of 
tettng  at  th«  time.'  G«nUe  as  be  Eramed,  he  vitihed  to 
uave  bli  own  way,  and  he  bad  it  throughout  bis  lifu. 
IJi&reiiccs  of  opinioa  sometimes  arose  between  the  two 
^cnds,  and  then  the;  reaolultily  faovd  vach  other.  *  I  ac- 
^pt  your  o0cr  to  6gfat  it  out  with  joy,  and  sbnit  in  tha 

kRittlc  of  experience  eause  not  pain,  but,  I  hope,  pU-asure^' 
^uiday  noiee  hie  own  impetuosity,  and  incessantly  checks 
■i  There  is  at  times  something  mechanical  in  hia  self- 
Itttraiut.  In  another  nature  it  would  have  hardened  into 
mere  *  correctoees '  of  conduct;  but  hit  orerflowing  aSoo- 
hoos  prevented  this  in  his  case.  The  habit  of  self-contrul 
became  a  second  nature  to  him  at  but,  and  lent  terenitj 
lo  bis  later  years. 

Id  October  1812  lie  was  engaged  by  a  ^Ir,  Do  la 
^fioche  as  a  jouraoyman  bookbinder ;  but  the  situut ion  did 
^Kit  suit  him.  Uis  master  app««is  to  have  been  an  aus- 
^Hnre  and  paaionato  man,  and  Faraday  was  to  the  last 
HkgTce  sensitive.  Alibis  life  bo  continued  so.  He  nif- 
fered  at  times  (ram  dejection ;  and  a  certain  grimness,  too, 
pervaded  his  moods.  '  At  present,*  be  writes  to  Abbott,  <  1 
am  as  serious  as  you  con  be,  and  would  not  scniplo  to 
speak  a  truth  to  any  hiuoan  being,  whatever  n-pngnanoe 
It  miftht  give  rise  to.  Dcing  in  this  stnte  of  mind,  I 
should  luivc  rWiained  from  writing  to  you,  did  1  not  eon< 
Hftcive  from  the  general  tenor  of  your  letters  that  your 
^Bllnd  is,  at  proper  times,  occiipiod  upon  serious  subjects 
^Bb  the  cxoltuion  of  those  that  are  frivolous.'  Plainly 
lie  hail  &nen  into  that  stem  Puritan  mood,  which  not 
only  eroeiJiM  tlio  nSoctJons  and  ItiMs  of  lum  who  bar- 
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hoos  it,  bu  u  often  »  anm  of  dudnlvcd  digestion  to 


About  thrw  tncititlia  after  his  eof^ogcnMint  wjUi  Dc  U 
Famdnr  qulU«d  him  and  bookbinding  togt^Uier. 
Re  lad  htud  Dft%7i  copied  bia  lectumt,  and  written  to 
htm,  entrvAting  to  b«  rdeunl  from  Trade,  which  he  httti, 
sad  awhled  to  panm  Seieoce.    Dbxj  reco^bed  tbc 
mait  af  bn  BorTcqMmdcot,  Inipt  hia  ejv  upon  hito,  and, 
wben  ocemnon  offiircd,  dn>TO  to  hU  door  snd  sent  in  > 
K-ttn-,  offiering  him  tha  pnct  of  anjatant  in  the  labora- 
tory of  the  Uopl  Institutioo.     He  was  r>ngagod  March  1. 
I81S,  and  on  the  8th  we  find  him  extracting  the  ta^ 
from  beetroot.     He  joined  tlio  City  PhUoeophical  Sock<y 
which  had  been  founded  b;  Mr.  Tatum  in  1808.     'Tho 
discipline  ww  xery  sturdy,  the  remarks  very  plain,  and 
tho  rc«iilt9  mo£t  valuable.'    Fomhiy  derived  great  profit 
{rcua  this  Utile  association.     In  the  labomtorj  he  bad  a 
discipline  sturdier  stiU.     Both  Davy  and  himaolf  were  at 
this  time  fro^ucntlT  cut  and  bruised  by  exploaions  of  chlo- 
ride of  nitrogen.     One  explosion  was  m  mpid  <  as  to  hla* 
my  hand  open^  tear  awaj  a  put  of  one  nail,  and  make  my 
fingen  to  sore  that  I  cannot  use  (hem  easily/    lu  anotli«r 
experiment  ■  the  tube  and  rocri>-er  were  blown  to  pieces,  1 
got  a  cut  on  the  h«ad,  and  Sir  Humphry  a  broiso  on 
his  baud.*     And  again  speaking  of  the  aume  aubstanoe,  be 
cays,  'when  put  in  the  pump  and  exhaustedf  it  Mtaod  for 
a  moment,  and  then  exploded  with  n  fearful  noise.     B«Ah 
Sir  H.  at>d  I  had  ma^ks  on,  but  I  wnped  this  time  the 
best.     Sir  H.  bad  his  fitoe  cut  in  two   places  about  tbe 
chin,  and  a  violent  blow  on  tbo  forehead  atnick  tlirougb  a 
considerable  thickness  of  silk  uid  leather**    It  wis  this 
same  sabetance  that  blew  out  the  eye  of  Dulong. 

Over  and  over  again,  even  at  this  early  date,  we  can 
discern  the  quality  whicli,  oompoundod  with  his  mro  iDtel« 
lectiial  power,  made  him  a  great  oxperlmnDtal  philowpho. 
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Tliifi  VM  hie  deairo  to  Me  fueU,  and  not  to  lost  coDt«Dted 
with  tbe  de»cription3  of  Ihem.  Hn  frcHiiicnlly  piU  the 
ese  against  tbe  ear,  and  affirnia  th«  cnorinoua  9ni{M(riorit; 
of  the  organ  of  vision.  Late  io  life  I  have  beard  bim  Bay 
that  be  could  sever  fully  understand  an  eiperiment  until 
hf  had  focn  iU  But  bv  did  not  confino  himself  to  cxpcri- 
menl.  H«  aspired  to  be  a  teoobar,  and  relleotvd  and 
iRa(«  upon  the  method  of  scientifio  exposition.  ■  A  lec- 
torer*'  he  obecnes,  'should  appear  easy  and  collected,  ud- 
dannted  and  luiconocniid : '  still  *  his  nliolu  behaviour 
ihould  evince  reject  for  his  audiuucc'  Tli««c  rccommeitd- 
ntions  were  aftcnnrds  in  great  pait  eiuluidied  b;  hioiiiell'. 
I  doubt  hia  *  unconoeni,'  but  hio  fearleosn^ss  was  often 
waniffiittKl.  It  u>«d  to  me  wiUiin  him  a.i  a  wuve,  which 
cairied  both  him  and  his  audienco  along  vitii  it.  On  raro 
ocGBsioJU  also,  when  he  frit  himself  and  his  subject  bope- 
te«dy  tiaint«lligible,  he  suddenly  evoked  a  certain  recklen^ 
n«M  of  tbougbl,  nod,  without  biilting  to  extricate  his  bewil- 
dered followeni,  he  would  da«h  alone  tlirongli  lliv  jungle 
into  which  he  Iiod  unwittingly  Itsl  th<fm;  thus  saving 
them  &om  ennui  by  tbe  exhibition  of  a  vigour  wbich,  for 
tbe  time  being,  they  could  neither  share  nor  comprehend. 
In  October  1813  be  quitted  England  with  Sir  llum- 
pbiy  and  Lady  Ita*^.  During  his  absence  ho  kept  a 
joamal,  Ironi  which  copious  and  interesting  extracts  have 
been  made  by  Dr.  Bence  Jones-  T>avy  was  considerate, 
prefening  at  times  to  be  bis  own  servant  rather  than  im- 
poao  on  Faraday  duties  which  bo  dislike').  But  Lady 
l>ary  wa*  the  reverse  She  trt«tod  him  as  an  undi^rliug ; 
he  ofaafird  under  tlic  trvatutciit,  and  wiis  often  on  the  point 
of  retuniuig  hituie.  They  baited  at  Geneva.  Do  la  Kive, 
the  elder,  bad  known  Davy  in  1790,  and,  by  bis  writings  in 
the  *  BiblJotb^ue  Britanoique^'  had  been  tbe  first  to  make 
the  English  cbeDiist*s  labours  known  abroad.  Ho  wd- 
eomed  Davy  to  his  eoiintry  residence  in  181-1.     Both  wera 
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ukI  U»7  often  west  oat  dwotiog 
I  Uieae  OG«suoaa  Vtmimy  ^atfed  Dnv/*  gun  white  D* 

[la  Rivo  clivgcd  hu  own.  Once  tbe  Gflnerese  pfatloaophtr 
found  himaelf  by  tho  lido  of  Fuwbr,  nml  io  hit  (nA 
■od  genial  way  entered  into  oaavu«Bti«i  with  tb«  yaaa% 

Ittan.     H  w&t  evident  tliat  ■  poTson  poBsesstng  Rich  a 

I  cbann  of  manner  and  such  high  iat^iK^nfle  eould  be  no 
tnera  scri-auU  On  eQi|uiT;  I>e  1«  filve  wa«  KunewW 
ahockud  to  6iul  that  the  aoi^uant  dvmmtiytu  was  raallj 

.  j>r^panif0ur  in  the  laboratory  of  the  Rojal  Institution;  and 

'  be  immodiat«ly  (HOpoeed  that  Faiaday  tbeooefintli  should 
join  the  maatiirs  in9t«ad  of  tlw  somnts  at  their  mails. 
To  tlua  Davy,  protmbly  out  <if  we«k  delcieace  to  his  wife, 
oltjcetod;  but  an  arrangt^uieDt  was  oonui  to  thAl  Faraday 
thoncsforward  should  have  his  food  in  his  own  room. 
Bumour  *t«te«  Uiat  a  dinner  io  honour  of  Faimday  was 
given  by  De  ia  Kive.  This  is  a  delonoo ;  there  was  no 
■luh  banquet ;  but  Faraday  ne^-er  forgot  tho  Idndnew  of 
tlw  friend  who  saw  hia  merit  when  he  was  a  mere  gatfon 
«U  lalxmttoire.' 

He  returned  in  1815  to  th«  Uoyal  Institutioa.  Hon 
be  belpod  Davy  for  yvun;  he  worked  also  for bimseU^ and 
loctored  frequently  at  the  City  Philosophical  Society. 
He  took  lessons  in  clocutioa,  happily  without  damage  to 
bis  natoral  force,  camcstncis,  and  grace  of  ddiniry.     Ho 

'  was  never  pledged  to  theory,  and  he  changed  in  <^t 
as  knowledge  advanced.    lA'itb  him  life  was  growth. 

. those  early  lecture*  we  bear  bim  say,  'In  knowledge,  that 
nua  only  la  to  be  contenwed  and  despised  who  is  not  in  a 


•  WUU  ecmSiwd  laM  MtUBo  M  0(e«t«  bj  A*  «llku  ctf  a  Ul  ra  tlU 
Alp^  mj  Uitada,  with  k  MttJaw  1  cm  mvw  Ewg<£d  •■)  Hut  MnUly 
taald  •dggiat  (s  nadar  mj  •aplivitj  {deuut  to  ai*>  M.  d«  l>  Bin  iha 
VMt*  out  for  nw  tbs  hU  ucuanl.  of  vUcti  ibo  fnngni^  ia  ■  eondaaU 
•bttnct  It  nu  Bt  tba  d«aira  of  Dr.  Bonn  J<ot»  thai  I  aAeS  Um  U  ta 
M.  Tlu  ninoat  Of  >  buiqwt  kl  Oobmb  UhMuaUa  Iha  iinilwwj  U  mA 
Mltut*  lot  lU  joMk  of  1811  tb*  Vmitj  tlUt*rymn. 
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itata  of  toanatHm.'  And  a^in :  '  Kothing  li  more  diffi- 
cult and  requirae  mora  catitioD  tban  [>liilo»ophi«al  deduo* 
tbD,  Bor  is  tb«rc  anything  inoro  adrene  to  its  aeoirocy 
tbn  fixttj  of  opinion.'  Not  that  he  was  wafted  about  by 
M»ry  wiud  of  doctrine ;  but  that  be  noited  flexibility 
with  Ms  stronf;:th.  In  striking  contrast  with  this  intel- 
lectual  expansix'eDeas  was  hix  fixity  In  religion,  but  tlits  it 
aiufajoct  which  cannot  be  diMuwod  bcre. 

Of  «U  the  letter*  piililished  in  Ihewi  vobitnes  none 
jnwen  a  great«r  GJiarm  than  tlioee  of  Faraday  to  hLi  wife. 
Here,  aa  Dr.  Bent;©  Jones  tndy  remarks,  '  ho  laid 
open  bU  his  mind  and  the  whole  of  bis  cluir^icler,  and 
what  can  be  made  known  can  waroely  fail  to  ctiarm  every 
one  by  it«  loveliness,  its  fcruthfubeso,  and  ita  eameetnese.' 
Abbott  and  he  (omctimes  swerved  into  word-ptay  about 
lore;  bat  up  to  18:fO,  or  thercaboute,  the  pataion  was 
pol«utial  DOFely.  Faraday's  journal  indeed  contains  cn- 
tfies  which  show  tltat  he  Cook  pleajture  in  the  atscrtion  of 
his  oontempC  for  love;  but  the«e  vtry  entries  became 
links  in  bia  destiny.  It  was  through  them  that  be 
beeame  ac(|u&int«d  with  one  who  inspired  him  with  a 
feeling  which  only  ended  with  his  Ufa  His  biographer 
baa  giren  lu  the  means  of'lnuing  the  varying  moods 
which  proov4)«tl  his  abeeptanee.  Thi-y  reveal  more  than 
the  comntoa  alternations  of  light  and  gloom  ;  at  one 
moQWDt  be  withes  that  his  flesh  might  melt  and  Itc  be- 
come Dotbing;  at  another  be  is  intoxicati^I  with  hope. 
The  impetuosity  of  bis  character  was  then  unchastened  by 
thft  disoipline  bo  which  it  was  subjected  in  aOcr-years. 
Ilie  my  strongth  of  his  passion  proved  for  a  timo  a  bar 
to  ite  advance,  suggesting,  aa  it  did,  to  the  coiuctcntious 
mind  of  Miss  Barnard,  doubts  of  her  capability  to  return 
it  with  adeqimto  force.  But  they  met  again  and  again, 
and  at  each  suceCMiTe  meeting  he  found  his  beavcn 
aimrer,  until  ai    length  he  was  able  to  aay,  'Not  a 


m 
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it'B  aUof  of  this  ■rcoing't  happiocfti 
EmTtbini*  m«  dnliglitfiil  Ut  the  Utt  moneat  of  u*  Aj 
with  my  oomputbo,  becauae  she  iruso.'  The  bu 
of  dnubt  sabtid«d,  atid  a  calm  and  oUrvaUng  confii 
took  iUi  [daae.  *  Whst  can  I  call  myself  1»  writes  to 
in  a  BuhMqneot  Utter,  *  to  eoorvj  mott  perfectly  my 
tion  and  love  for  jon  f  On  I  or  can  troth  ny  more 
tbat  for  tliis  world  I  am  your*  ? '  A«>ur»dly  be  nMde  h: 
pTofcmiuD  good,  and  no  fairer  light  fidb  npon  hia 
racter  than  tbat  which  reveals  his  relations  to  hia 
KcYCT,  I  believe,  existed  a  manlier,  purer,  steadier  im- 
Like  a  btitning  diamond,  it  cootinural  to  slied,  for 
forlv  years,  it£  whit«  and  Gmokplms  glow. 

Faraday  wm  married  on  Jiino  12,  1821 ;  and  tip 
this  date  Davy  apptnra  throiiglKnit  an  bis  frtend.  Soot 
afleJ'waida,  however,  diwniioa  occurred  lietwecn  Uuaih 
which,  while  it  lasted,  must  have  given  {■'Vuaday  intdus 
fUD.  1%  is  impoariUe  to  doubt  the  honesty  of  ooovicdiin 
with  which  this  subject  has  been  treated  by  Dr.  Bem* 
Jones,  and  tfaero  may  be  hcts  known  to  faim,  but  nniil^. 
{learing  in  tbc^e  volumes,  wliicb  jiKtify  hir  opinion  tl 
Davy  in  tl>o«e  days  had  b<^>me  jealouit  of  Faraday. 
which  is  the  prevalent  belief,  is  also  reproduoed  in 
excellent  article  in  the  March  number  of  *  Fraaer's  U 
zine.*  But  tho  best  aoAlysis  I  can  make  of  the  data  &i1it 
to  present  Davy  in  this  light  to  mn.  Thi^  facts,  as  I 
tl>em,  are  toiefly  these. 

In  1820,  Oersted  of  Copenhag<e>D  made  the  ccW 
discovery  which  counecte  electricity  with  maffnetism, 
immediately  afterwards  Uie  acute  mind  of  Wotlaston 
oeived  that  a  wire  carrying  a  eun^ut  ought  la  ni' 
round  its  own  axis  under  the  influence  of  a  magneltc  p: 
in  1821  he  tried,  but  failed,  to  realise  this  result  tu  t 
laborat'iry  of  the  Royal  Institution.      Karaday   was  a 
present  at  the  moment,  but  ho  came  in  immediately 
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vaids  and  heid  the  conrereation  of  Wollaaton  and  Davy 
About  tbo  experiment.  lie  had  aito  beard  a  lutnour  of  a 
wager  that  Dr.  Woll^Loii  would  vvcnttutlly  euooi-ed- 

Tbi*  was  in  April.  In  the  auluixiD  of  the  same  ycur 
Faraday  vrot«  a  histoiy  of  electio-magDetiaai,  and  repeat«d 
fof  himself  the  experiments  wtucb  be  deecribod.  It  wan 
while  thus  iostnicting  himself  that  hesuccocdodincuusing 
a  wire,  carrying  an  electric  current,  to  rotate  rouw]  a  uiag- 
QoUc  pole.  Tbix  was  not  lli«  rv«iiU  Nought  liy  WullusLoo, 
but  it  wu  cloaely  n4at«d  to  that  result. 

The  strong  tendency  of  faraday's  mind  to  look  tipoti 
the  reciprocal  actions  of  natural  force*  gave  birth  to  his 
greatest  discovetiefl;  and  wo,  who  know  this,  should  be 
justified  in  concUidiug  that,  cTcn  had  WoIItutou  not  pnv 
ceded  him,  tliu  result  would  have  been  the  wimc  But  in 
judging  Davy  we  ought  to  transport  oiirtclvvs  to  hit  time, 
ood  earefuUy  exulude  from  our  tlioiight«  aud  fouling*  that 
noble  sabaequent  life,  which  would  render  timply  impu*- 
■ibb  tile  ascription  to  Karaday  of  anything  unfair.  It 
would  be  unjust  to  Davy  to  put  our  knowledge  in  the 
place  of  bis,  or  to  crecUt  him  with  data  which  be  could 
not  have  powewed.  Bumoiir  ai>d  fact  had  connected  Um: 
name  of  Wolla«ton  with  the«c  Kiippowcd  interaetioni 
between  magnets  and  currenta.  When,  therefore,  P'araday 
ift  October  published  his  successful  experiment,  without 
aay  alloaion  to  WoUaston,  general,  though  really  im- 
grounded,  cnticifm  fallowed.  I  ray  ungrounded  bccauM, 
Gntly,  Faniday't  ezporimoot  was  not  that  of  Wollaston, 
and  Moondly,  Faiaday,  before  ho  publisbod  it,  had  actually 
called  upOiQ  Wollaston,  and  not  finding  him  at  home  did 
not  feel  bimaelf  autboriaed  to  mention  his  name. 

Id  December,  Faraihty  published  a  second  paper  on  the 
KUDfl  luhject,  from  which,  through  a  misapprehension, 
Uw  name  of  Wollaston  was  also  omitted,  Warhurton  and 
olbm  thereupon  affirmnl  that  Wollaston's  ideas  bad  been 
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■ppropriated  withflnt  lu^knowledgTanit,  and  it  U  plain  tlut 
WoltaBbra  liimxclf,  Uiougli  cautious  in  biR  uttenncfs  ■» 
also  hart-  Censure  grew  till  it  became  intoleraUf.  'I 
hpar,'  writes  Faraday  to  his  fri^^ii  S*odart,  *  every  dar  mm 
■nil  more  of  those  K>uiid«,  wliicli,  (botigli  orilj  wliispen  to 
Die,  are,  I  sutpcet,  fpok«n  aloud  among  wdeutific  mea.' 
He  mi};ht  have  written  explanaliom  and  defences,  hot  he 
«-ent  stmi(;hter  to  the  point.  He  wii^tcd  to  wo  llie  pnr 
cipals  6see  to  boe^to  plead  bis  canse  before  tfaem  penon- 
ally.  Tberv  wimn  certain  vehemeoee  in  his  desire  to  da  thiL 
Jlo  saw  WullaoUyn,  be  saw  Davy,  he  saw  Warbtalon ;  Md 
I  am  inclinnd  to  Uiink  that  it  was  the  irrcsisUble  ondonr 
Kod  tmlli  of  character  which  these  viva  voce  defoKtt  re- 
vealed, aa  much  as  the  defences  tliemsi-lv'cs,  lliat  dijattntil 

^reaeotment  at  the  time. 

Am  n-giirds  Davy,  anotlitrr  c-»ii-«e  of  diKscnifioa  aroee  la 
1823.  In  iJiL'  spring  of  tliat  yrnr  Faraday  analysed  tl» 
hydrate  of  chlorine,  a  substance  once  bcUered  to  be  tlie 
element  chlorine,  but  proved  by  Da^y  to  be  a  compOToJ 
of  that  element  and  vrater.  The  analysiH  was  looked  otm 
by  Davy,  who  then  and  there  suggested  (o  FHntday 
heat  tbo  hydralf  in  a  dm«d  glaMliil)e.  Tlnnwas 
tlie  siilnrtaiiee  was  decomponed,  and  one  of  the  pmdiicti 

'  deeomposition  was  proved  by  Faraday  to  be  chlorine 
liquefied  by  its  own  pressure.  On  the  day  of  its  dtscoTciy 
bo  communicated  this  itnult  to  Dr.  Paris.  Davy,  on  beiig 
infonDod  of  it,  instantly  liquefied  anotJteT  gas  in  the  nine 
way.  Having  struck  thu«  inio  Faraday's  enquiry,  ongi 
ha  not  to  have  left  the  matter  in  Faraday's  hands? 
think  be  ought.  But.  conndering  his  relation  to  botli 
Faraday  and  the  hydrate  of  chlorine,  Davy,  1  submit,  msy 
W  eicuMxi  for  tJiinking  differently.  A  father  is  not 
always  wise  enough  to  see  that  hi«  rod  has  cMucd  to  b*t  a 
boy,  and  estrangement  on  thi*  acoMint  is  not  rare ;  D' 
was  Davy  wise  enough  to  discern  that  Faraday  had 
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:  mete  lUMiiitaDt  ttige,  and  beconio  a  diMOwrcr.  It  is 
hard  tu  avoid  lu^nifving  Uits  error.  But  had  Fknt- 
died  or  ceased  to  work  at  thU  time,  or  had  lii«  Bu1»e- 
it  life  boen  devoted  to  money-getting,  instead  of- to 
would  anybody  now  dieam  of  aacribing  jealousy 
'  ?  Assuredly  not.  Wby  should  be  be  jealous  ? 
reputation  at  tliii  Uroo  mut  almost  without  a  parallel : 
1  glory  wa«  without  a  oloud.  He  had  added  to  his  other 
DTeries  tbAt  of  Faraday,  and  alter  having  been  bis 
lier  for  seven  years,  bis  language  to  bint  was  tbis:  '  It 
^VOB  mc  grcub  jiU^aKuro  to  hear  that  you  arc  comfortable 
i  tbe  Royal  IiutitutioD,  and  I  trust  tlut  yon  will  not 
f  do  Bometbing  good  and  bonoiiiablo  for  yourself,  but 
for  ecieoce.*  lliis  is  not  the  language  of  jealouity, 
potential  or  actual.  But  tbe  chlorine  businesi  introduced 
irriUilion  aad  anger,  to  which,  and  not  to  any  ignobler 
motive,  IJavy'fl  oppOKition  U>  tUe  election  of  Faraday  to 
Uie  Koyal  Society  is,  I  am  persuaded,  to  be  a«oribod. 

These  matters  are  touched  upon  with  perfi.-ct  candour, 
and  becoming  consideration,  in  the  volumes  of  Dr.  Itence 
,    Jonea ;  but  in  *  society  *  they  are  noi  always  to  bsodlod. 
Ilrrc  a  name  of  noble  intellectual  associations  is  Burrounded 
1^^  ii\juriona  rumours  whidi  I  would  willingly  scatter  for 
^Kec     The  pupil's  magnitude,  and  tbe  splendour  of  bis 
'^pnsilion,  are  too  great  and  abeoluto  to  need  as  a  foil  the 
bumiUation  of  his  mastiir.   Brotbers  in  intellect,  Davy  and 
Famday,  however,  could  never  have  become  brotbeis  in 
fMling ;  their  ctuuacters  were  too  nnlike.     Davy  lovod  tbe 
[Kimp  and  circumstanoe  of  fame ;  Faraday  the  iuner  con- 
sciousness tbat  be  had  fairly  won   renown.     They  were 
Inth  proud  men.     But  with  Davy  pride  projected  itsdf 
into  the  outvr  world ;  while  with    Faroday  it  became  a 
•teadying  and  dignifying  inward  forco.     In  one  groat  p«r- 
tieabr  tbny  agreed.     E»ch  of  Ibcm  could  have  turned  his 
«i«BiOa  to  jmmcaae  commercial  profit,  but  neiOier  of  tbem 
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did  Mi.  The  noble  eicitement  of  raecarcfa,  and  Uk  ddi*^ 
oT  disooverj,  coDstituted  their  icwnn].  I  cotomwii  tbtfi 
to  tho  nvenace  which  gntX  gifU  gn-^ljr  exercucd  o«S^ 
to  tDSpire.  They  were  both  oun ;  aud  through  the  ooiiuC{ 
MuUiries  England  wiU  be  able  to  poiut  wiUi  jiut  jwide  1» 
the  pofleeaaioD  of  such  meo. 


The  lirEt  volume  of  the  '  Lifs  and  Letters '  revecU  u 
u»  tbo  youth  who  wait  to  bo  ftither  to  the  man.  SkU- 
fttl,  lupiring,  reaolute,  be  grew  cteadUy  in  kuowledge  Aod 
in  power.  ConHcioualy  or  unoomciouslv,  the  relalioa  of 
Action  to  U^oclion  was  ever  present  to  Faraday's  mtod. 
It  had  been  fostered  by  bis  discovery  of  Ma^otic  Rota- 
tions, and  lb  planti'd  in  him  more  daring  ideas  of  a  simiUr 
kind.  Mngnetism  h«  knew  could  bo  evoked  by  electricity, 
aud  bo  thought  that  electricity,  in  itii  turn,  ought  to  be 
capable  of  evolution  by  nuigoetism.  On  Angti^  29, 1831, 
his  oxperimenl*  on  thta  subject  b«$;ait.  llu  liad  bL-cii  ftirti- 
ficd  by  previous  trials,  which,  tbougb  foUures,  had 
gtiiitrn  instincts  directing  him  towards  tho  tiuth.  H 
like  evenr  strong  worker,  might  at  timvs  miss  the  outw: 
object,  but  lie  always  gained  the  inner  light,  edticatioo.! 
aiid  expansion.  Of  this  Faraday's  life  was  a  constant 
illustration.  Ry  November  he  bad  di»covi»rd  and  colli- 
gated a  multitude  of  tlie  most  wonderful  and  unexpected 
phenomena.  He  had  gcmoraled  cunvnts  by  currents 
currents  by  magnets,  permanent  and  transitory ;  and 
afterwards  geuerat«d  currents  by  the  earth  itself.  An^'i 
'  Magnetism  of  Itutntioo,'  whivli  hud  for  years  otlored  i 
as  a  challenge  to  the  beHt  Mientifio  intollvcts  of  Korope,' 
now  fell  into  his  lianda.  It  proved  to  bo  a  beautiful,  but 
still  speeial.illiistratJouof  Ute  great  princtplo  of  Magn' 
electric  Induction.     Nothing  equal  to  this,  in   the 
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or  pore   wtpwirocntttl    enquiry,    had    previotifll^    been 

Eleetricitiefl  from  rartaus  aouroes  ireie  next  eumined, 
ftildtli(>ir  tiifTtrciiM-s  and  rcsemblaDccs  reve&lcd.  I{«  thua 
Snared  himself  of  tlidr  «ub«tiuili<d  idculitj.  IIu  then 
took  up  Condticticm,  n&d  guva  many  strikiag  illuntrstioni 
the  influence  o{  KueioD  on  Conducting  Power.  H» 
Dunciog  profesaional  work,  from  wbicb  at  tliia  tiiou  he 
ligbt  have  deriTcd  an  incomo  of  many  thouEanda  a  year, 
he  poiu>-d  bt»  whole  momrtDtiim  into  bis  rescarcbn.  1[^ 
l_tM  long  nnUmgltN]  in  ElecUoH^itiinifitry.  The  liglit  of 
bw  wiu  for  a  lime  obscured  by  the  thick  umbrage  of  aovr:l 
cU;  but  be  Gually  emerged  from  his  researcbes  vrilli 
great  principle  of  Uctinite  Electro-chemical  I>eoi»m- 
uCion  in  Ids  Imndx.  If  liis  ditcovory  of  ^lajnieto-elcc- 
tricity  nuiy  l>v  rauktMl  with  that  of  tim  Pde  by  VoltA,  this 
new  ditcoverr  mav  aUuotft  stand  braide  that  of  Definite 
Combining  Pro  pott  ions  in  Chemistry.  He  pa««^  on  to 
itic  Electricity — ite  ConducUoo,  Induction,  and  Mode 
'  Prupagation.  Uo  dificoTcrod  and  illustrated  the  prin- 
Iple  of  Inductive  capacity ;  and,  turning  to  theory,  ho 
aaked  binuelf  liow  «)|ectriad  attructioiu  and  repulnons  are 
transmittod.  Are  llicy,  like  gmvity,  actions  at  n  diehince, 
or  do  they  require  a  mediutii  ?  If  the  former,  then,  like 
gravity,  tbciy  will  act  in  straight  line* ;  if  the  Utter,  then, 
like  anund  or  light,  they  may  turn  a  corner.  Faraday 
bdd — and  bis  views  ara  gaining  ground — that  bis  experi- 
ments proved  the  fact  of  enrvilimAr  propngntion,  and 
hniot  thn  operation  of  a  medium.  Otiiers  denied  this  ; 
bnt  none  can  deny  the  profound  and  pbilosophie  character 
of  hi.i  leading  thought.'  llie  first  volume  of  the  Jiesearobes 
Dntaina  all  the  papers  here  rtferred  to. 

In  m  Twj  itsbukaM'  l'*P*t  pnUitlinl  in  Pofsn^^riT*  '  AaiMlm '  hr 
if,  Wcraer  aimiiu  *c.-irt*  "O''  dMvlaf*  Fkmdnjr'*  tboarr  of  H«iM«1ar 
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Farada;  bad  heard  it  bUIM  that  Ii^Dc«forth  pbyiiwi 
(li»onverie«  would  benuutenolelf  by  tlicaid  ofmatbematiw;' 
that  we  had  out  data,  and  noedMl  only  to  work  deductively. 
Statements  of  a  rimilar  characifj  crop  mit  from  ti:nc  to 
timo  in  OUT  day.     Tlivy  anne  from  an  imperfect  aotjuainl* 
anM  with  tlift  Batore,  present  oondition,  and  prospective 
m«tn<M  of  the  field  of  physical  enquiry.     The  tendeiic7 
of  natural  science  donbtieaa  is  to  bring  all  physical  pbe- 
DomeoB  under  the  dominion  of  medMiiic&I  lavs ;  to  girm 
them,  in  other  words,  mathematical  cxprcMion.     fiut  cor 
approach   to  this  result  it  a«ymptotio;  and  for   ages  to 
come— pomibty  for  all  tlie  ag«  of  the  hnman  race — Nature 
will  find  room  for  I>oth  the   pliilonopfaical   expe^mentvr 
and    the   mathematician.      Faraday  entered    liia  protot 
a)^inst  the  foregoing  statcm^at  by  labelling  his  inv«jitiga< 
tioD«  '  Experimental   Beeoarchcs   in    Electricity.'     They 
were  completed  in  1854,  aad  three  volumes  of  them  hare  i 
Ifcen  published.     For  the  sake  of  reCRrenoe,  he  niimhered  I 
eveiy  p«ragrapb,  the  laet  nomber  being  3363.    In  1859 
he  collected  and  published  a  fourth  volume  of  paper*,  tmder  i 
the  title,  *Kxperimmtal    ItcseiLrefaee   in    Chemistry  and  I 
Phynca.'    Thus  the  apoKtle  of  experiment  illustrated  itt  ' 
)>ow<T,  and  magnified  hiit  office. 

The  second  volume  of  the  Ile«narobe*enibnic«s  memotn 
on  the  Electricity  of  the  Gymnotas;  on  the  Sooree  of 
Power  in  tho  Voltaic  Pile  ;  on  the  Electricity  evolrml  hjr  | 
iho  Friction  of  Wutt-rand  Steam,  in  which  tbepbenomeoial 
and  principlet  of  Sir  William  AnuKtrong's  Ilydro-eleotria 
machine  are  den;ri1>ed  and  devclopixl;  a  pii;Kr  on  Maj*- 
netic  Botations,  and  Faraday's  leiteni  in  r>-hitimi  to  Ihir 
controversy  it  aroused.     The  ccnlribntion  of  mowt  per* ', 
mancut  value  here,  is  that  on  the  Source  of  Power  in  the 
Voltaic  Pile.     Py  it  the  Contact  Theory,  pure  and  simple,) 
was  totally  overtirowB,  and  the  nccessif  y  of  chemical  action  ! 
oa  the  maintenance  of  the  current  demmmtrated.  I 
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The  third  volume  or  the  Rt^i'archeii  open*  witb  ■> 
memoir  cntitlwl '  Tb«  Magnetisation  of  Light,  and  the 
niumination  of  Magnetic  Uoea  of  Forco.*  It  is  difficult 
even  now  to  affix  a  definite  meRninj;  to  this  title ;  but  the 
discovery  of  the  TotAtioit  of  the  plunc  of  polurisation,  which 
it  snnouooed,  eeotn*  pregnant  with  great  results.  Tha 
writinga  of  William  Thomson  on  the  tboonttio  aspects  of 
tiie  discoveiy;  the  CKoeUent  olectro-dTnaroio  moawurc- 
iBcnto  of  Wilbelm  Weber,  which  are  models  of  expert- 
uentBl  conjplet«ne38  and  skill ;  Wobcr's  labours  in  con- 
junction with  his  lamented  fiiend  Kohlraueeh— above  all, 
the  Kwesrehea  of  Qerk  Maxwell  on  the  Elcctro-magactic 
Theory  of  Light — point  to  that  wonderful  and  mysterious 
msdium,  which  is  the  vehicle  of  light  and  radiant  heat,  as 
Uie  probable  basis  also  of  magnetic  and  eleetric  phenomena. 
The  hope  of  meh  a  connection  was  first  raised  by  the 
discovery  here  referred  to.'  Faraday  himself  seemed  to 
ding  with  particular  affection  to  this  diiwovory.  lie  felt 
tltat  there  was  nior«  in  it  than  he  was  able  to  unfold,  llu 
predicted  that  it  would  grow  in  meaning  with  the  growth 
of  science.  This  it  ]ia«  done;  this  it  is  doing  now.  Its 
(^bt  intcrpretalion  will  probably  mark  an  epoch  in  scien- 
tific liistory. 

Ra)ndly  following  it  ia  the  discovery  of  DiomagncUsm, 
or  tliB  Ri^pulaion  of  Matter  by  a  magnet.  Brugmaos  bad 
■liown  that  bismntb  repelled  a  magnetic  needle.  Here  he 
■topped.     I.e  BailUff  proved  that  antimony  did  the  tame. 

•  A.  Itau  addnnail  to  ma  b;  ProffMar  Virbw  oi  M«Tch  19  1m( 
dotalaa  Ika  Ml<>*ioB  ralimnot  to  ilu  ecoawitoa  htM  noMioiicd:  'DU 
B<Amv  ■'*^  wltlua  Oonlwktiaa  itt  inttii  funitfm  Eiild*tkBQg  iar 
ItnliSBf  dor  i'DlaHraliaoMboo*  dimh  SMgaaUvb*  Dirpci  iawfaaft  i»itit, 
«nd  asditaa  ianb  Sit  U«b<r«ru(imai%sg  dfgimigan  Owcibwiadi^kMb 
wrfdia  Aw  TnUllvin  4tr  ttcctmnljrDUiiMbM  UnWt  (rt  cIictra'Ma- 
tteboi  MkMtkt  nil  it  Q«Mfc«iBdlgfcMt  im  Lidria  anginKt  vwdM  j 
Hi  «dr  Kluiat  VMi  alkn  V*ria:h«n,  wddw  nr  Vsnrirkticbang  •^mti 
^Bihu(  gimtbX  vonUn  uaA,  Uu  too  llvm  UkiwtU  (MMtbu  km 
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Hew  he  sro^jxHi.  Swbock,  Becquere^l,  and  others,  also 
U'Uv'Ui^i  :V.t' dijo-iverr.  These  fragmentary  gleams  excited 
a  ti;i^nio:.tarT  curUisity,  and  were  almost  forgotten,  when 
Fani.ijLy.  ■ii^ioj'ondfLtly,  alighted  on  the  same  facts;  awl, 
i;is:e;vi  of  *:op[uuj.  nude  them  the  inlets  to  a  new  utd 
v.ist  r^'gui",!  o:  ri-st'ari"b.  The  value  of  a  discovery  is  to  be 
moa«'.;red  by  the  intfllev'tual  action  it  calls  forth ;  and  it 
was  KaraiiayV  gvH»d  fortune  to  strike  such  lodes  of  icien- 
t:t:o  tri'.th  a,*  give  iwupatioQ  to  some  of  the  beet  intellects 
i^f  o.;r  ai;e. 

The  $jIiout  quality  of  Faraday's  scientific   character 
rt'Vi-a'.s  i'#*'if  from  bei;:iuning  to  end  of  these  volumes:  a 
tLirU^u  ot  ardour  and  pntieuee — the  one  prompting  the 
attack,  itio  other  holding  him  oil  to  it,  till  defeat  vas  final 
or  v;t.-iory  asi^un'd.     Cenaiuty  in  one  sense  or  the  other 
wu.<  iitvesi^^iry  to  his  peace  of  mind.     The  right  method 
of  invest ig.itiou  is  perhaps  incommunicable;  it  depends 
on   the   individual  rather   than  on  the  system,  and  the 
mark  i^  iui?^\l  vtrlion  Faraday's  rtsearches  are  pointed  to 
as  mert'ly  illustrative  of  the  power  of  the  inductive  philo- 
t.'lihy.     The  bniiu  may  be  filled  with  that  philosophy; 
I'Ut  niihoui  the  ouorgy  and  insight  which  this  man  pos- 
si'ssixl.  and  which  nith  him  were  personal  and  distinctive, 
we  shotdd  never  rise  to  the  level  of  his  achievements. 
His  pt>wer  is  that  of  individual  genius,  rather  than  of 
philosophic  method ;  the  energy  of  a  strong  soul  express- 
ing iL-iflf  after  its  own  fashion,  and  acknowledging  no 
mediator  between  it  and  Xature. 

The  second  volume  of  the  '  Life  and  Letters,'  like  the 
Hrst,  is  a  historic  treasury  as  regards  Faraday'a  work  and 
character,  and  his  n^ieutitic  and  social  relations.  It 
contains  letters  from  Humboldt,  Herschel,  Hachette,  De 
la  Rive,  Dumas,  Liebig,  Melloui,  Becquerel,  Oersted, 
I'liioker,  Du  Bois  Beymond,  Lord  Melbourne,  Prioee 
I^uis  Napoleon,  and  many  other  distinguished  men.    I 


PASADAir. 


981 


iKitMA  wiUi  pajtioulax  plvKSurc  a  iotUr  from  Sir  Jolin 
Heracbel,  in  reply  to  a  sealed  packet  oddreMed  tn  liim  hj 
Faraday^  but  which  be  had  permisaioD  to  open  if  he 
pleaaed.  The  packet  t«ferr«d  to  odo  of  the  many  unful- 
filled bopo*  whic^  "P^^S  "P  i*^  ^''*-'  ^'^'-^  of  ferltle  invecti- 
gstore : — 

*  Go  on  and  prosper, "  from  (ftrungtli  to  stroDgth,"  Uko 
»  victor  tDBrching  with  a»ured  Bt«p  tu  ftirUier  conque»l« ; 
and  be  oertaJn  thai  no  voice  will  join  more  heartily  in  tlio 
peant  that  already  begia  to  nee,  and  will  speedily  swell 
into  «  shout  of  triutnpb,  satounding  oren  to  yotinel^  tJtan 
that  of  J.  F.  W.  Hoiscbol.' 

Faraday's  behaviour  to  Mdloni  iu  18^  morit«  a  word 
of  notice.  The  young  man  wa«  a  political  exile  in  Paris. 
Ue  bad  newly  fa^ioued  and  applinl  tUc  thvnno^lectric 
pile,  and  had  obtained  with  it  rt-xult*  of  the  frreatest 
importance.  But  they  were  not  npprt-ciAlod.  With  the 
uckneea  of  disappointed  hope  Melloni  waited  for  the 
report  of  the  Commiseioners,  appointed  by  the  Academy 
of  SeioDCCStooxamiDo  hisUiboaie.  Atlen^h  hepuMislied 
hi«  tMcarcbes  in  tltc  'Anoalee  de  Chimic'  They  thus 
Icll  into  the  hand*  of  Faraday,  who,  ditweming  at  oitoe 
tbeir  extraordinary  merit,  obtained  for  their  author  the 
Rumford  Medal  of  the  Royal  Society.  A  sum  of  money 
always  accompaiueB  this  medal ;  and  the  pecuniary  help 
wai,  at  this  time,  even  more  c8s<-ntial  t^n  the  mark  of 
bonoor  to  the  young  refugee.  MclloQi's  gmtitudc  wan 
bormdlea  :— 

'  Et  root,  monsieur,'  Ite  write*  to  Farud^y, '  qui  appar- 
toDBS  a  une  sod^e  k  laquelle  je  n'arais  rien  offert,  Tous 
qui  me  connaisnox  &  peine  de  nom;  voua  n'aves  pas 
desood^  si  j'avais  dcs  eonemis  faibles  ou  puissants,  ni 
cal«al£  quel  en  ^tait  le  oombre :  mais  vous  avm  parle 
pMir  ropprirae  etnoger,  pour  cotui  qui  n'arait  pas  le 
aaiodm  droit  h  taot  d«  bicDvcillaooe,  et  vos  paroles  ont 


FKAGMCCIS  or  BflCTCB. 


M  icranlliw  Curontilnnnit  pw  6m  collAgaet  eotaatif 
tcJrax  t  Jc  irconimis  Uen  U  dea  bonuiMa  dignec  dn  kor 
Fvobit)  nuflrion.  In  vAtitiAlefl  reprtwataob  de  la  scitw* 

d*!!!!  ps^s  libra  et  g^o^nvx.* 

L        Witbin  the  pnncribed  limite  of  tbis  irticle  it  wouldbt 

PiapocBililr  to  give  ctcd  Uib  ukaderevt  mmmar;  of  Fin- 

da^'i  corrrapoodeDM,  or  to  carve  Jrotn  it  moro  than  llit 

LBietMt  fia£:[net)t«  of  his  character.    Uie  lett«rB,  trritten  U 

FLord  Helboame  and  others  in  l83$,rp(:;anliogbiBpe«tia«. 

illasttate  his  tmoMiipromuiing  iiid<rpci>d«iice.    The  Pcim 

LMioiater  bad  ofimded  bim,  but  lunircdtj  the  apolog; 

rdemaodcd  aod  ^ren  waa  complete.     I  tlilnk  it  onrtaii 

that,  notwithataading  the  verj  full  a«couiitof  this  tiansae- 

Ltion  giren  br  Dr.  Be&oe  Jotus,  motiFes  and  inflneMw 

rireroat  vork  which  orea  ooir  ant  not  ontirelf  revealed. 

Tlie  mlnixtM'  WM  bitterly   attacked,  but  ho   bore  the 

Leeocure  of  the  preas  with  great  dtgnitr.     FanulnT,  while] 

Fbe  disavowed  InviDg  either  directly  or  iodirecUj  fi 

the  matter  of  thoee  attaekB,  did  nob  pablirly  exonenoe^ 

hie  lofdBhip.    The  Hon.  Carolino  Fox  had  proved  hi 

,  sdf  Faraday**  anient  friend,  and   it  woe  she   who 

IliMled  Ute   breach    between    the  pliilompber    and    Ihi 

Ixninister.     She  msaifeetly  thought  that  Faraday  04ig)it  Xa] 

Riave  come  forward   in  Ijoni   Melbourne's   defence, 

mere  {a  a  ilnvonr  of  reMntment  in  ooc  of  her  letters 

him  on  tbeiubjcet.     No  doubt  Faradn  bad  good  gronndi 

for  his  reticence,  but  they  are  to  me  anlaiown. 

In  1841  his  henhh  broke  down  utterly,  and  he  wew 
to  Switiorliiod  with  bis   wife  and  brother-in-law.     Ui 
bodily  vif^our  Boon  reWved,  and  be  accoinpliafaed  feata  <i 
walking  respectable  even  for  a  trained  mouotainocr.    Thi 
published  extmct«  from  bis  Swiss  journal  contain   many 
beautiful  and  touching  nlhuiions.     .\mid  references  to  the 
tinta  of  the  Jungfniu,  Um  Uue  rifls  of  the  gUcicn,  and 
the  noble  Nieeon  towering  over  the   I^fco  of  Thiin,  wm 
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upon  the  channiDK  little  scrap  which  I  h&ve  «l«c- 
'here  quoted :  '  Clout-nail  making  goes  on  heio  latbcr 
eoDoiilcralilj,  aiul  is  a  very  neat  and  pretty  operation  to 
ubferve.  I  )ovo  a  imith's  shop  and  aujtbiug  rcL&tJRg  to 
sroitbet;.  .My  fiitbcr  *o*  n  smith.'  Ttiia  ii  from  bin 
journal;  but  be  in  UDOouBciously  xpcakinj;  to  Bomebody— 
peihaps  t«  tbo  world. 

UiM  descriptions  of  the  Staubbach,  Gic«sbacb,  and  of 

the  Kcnic  tsSccU  of  Hky  and  mountaiu,  aro  all  fino  and 

syntpathctic-     But  amid  it  all,  and  in  n'icrvncc  to  it  all, 

bo  telU  bis  »UtvT  tliat '  true  eujoyincut  id  from  witliin,  nut 

from  without.'     In  tboM  daya  Agauiz  was  living  under  a 

I     «Ub  of  gimaa  on  the  glacier  of  the  Aar.     Faraday  met 

^     Forbn  at  the  Gtimael,  and  arranged  with  him  an  eicui^ 

^•ioo  to  tbo  *  H6t«l  de«  Neufcb&tolois ; '  but  indispoution 

^hiit  the  project  out.  I 

^H     From  the  Fort  of  Ham,  in  1843,  Faraday  received  a 

^Bntter  addresMHl  to  him  by  Prince  Louis  Napoleon  Bona- 

parte.     He  read  this  letter  to  mc  many  ycurc  ago,  and 

the  de8ire,»bown  in  varioui  ways  by  tlie  French  Kinperor, 

to  turn  modern  scienoe  to  acoount,  baa  often  lemioded 

me  of  it  since:.     At  the  age  of  thirty-five  the  prisoner  of 

I     Ham   speaka  of  *  rendering    bis   c-ipiivity   less  sad   by 

I     Mudyiog  tbo  great  discoveries '  which   science  owes  to 

Faraday ;  and  ho  a«ks  a  question  which  rsveaJs  bis  cast 

iif  tbongbt  at  Uie  time :  *  What  is  tlic  mo«t  dimple  mm- 

btnation  to  give  to  a  voltaic  battery,  in  order  to  produce 

s  apark  capable  of  setting  fire  to  powder  under  water  ot 

ondcr  ground  ? '     Should  the  neceEsity  arise,  the  FWich 

Emperor  will  not  bck  at  tbo  outset  tlio  lic»t  appltnooes  of 

nodan  Mdcoce;  while  we,  I  fear,  shall  bavo  to  letmi  tl»e 

magnitude  of  Uie  reitourtiea  we  are  now  neglecting  amid 

the  paaga  of  actual  war.' 

vfca  kkd  itaibtil  k  ba  mun  Iliiwii«n,li1j  xiaa  lh«  Emperor  oftbt  Fnm:h. 
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One  tuniH  with  reneved  plfiuure  Ui  Foniday'ii  }Mtn 
to  bis  wife,  puljUahed  in  th«  second  volume.     Vivn  rat^y 
the  loving  esunoe  or  the  man  appears  more  iitiintOf 
than  anyvhere  else.     Krom  the  house  of  Dr.  Petej,  in 
Birminftluim,  he  writas  thus: — 

■Here — oven  here — the  nu»n9nt  1  leave  the  Uble,I 
wuh  I  vera  with  you  in  qcikt.     Ob,  what  happiMM  it 
oun  1     My  nan  into  thv  woilil  in  this  way  only  Mrve  U 
make  me  Rrteem  that  Imppinus  the  tniiio.* 
And  ngnin : 

*  We  have  been  to  a  grand  eonvemztoae  in  the  ton* 
hitll,  and  I  have  now  returned  to  my  room  to  talk  ntt 
you,  as  tlie  ploiuaatoet  and  happiest  thing  that  I  can  do. 
Nothing;  recta  me  so  much  as  eommanion  with  rou.  I 
f'-rl  it  even  now  as  I  writo,  and  catch  myself  aayini;  tk 
wordw  ulotid  aa  I  writo  Lboro.' 

Take    this,  moreover,  as    indioaiive    of    hJK    hw  (»' 
Nature : 

'  After  writinfir,  I  walk  out  in  the  evening  hand  ia 
hand  with  my  denr  wife  to  enjoy  the  stinset ;  for  to  m* 
wlio  love  socnery,  of  oil  that  I  have  seeii  or  can  see,  thfre 
is  none  surpaase*  that  of  befti'oo.  A  gloriooa  sudmI 
brings  with  it  a  IhniiimDd  tliouglita  that  cldijrht  me.' 

Of  tlie  Diimlierleas  lights  thrown  u[m>u  him  by  tbe 
*t.i(i!  and  Le*t«rs,'  eomo  fall  upon  bis  religion.  In  a 
letter  to  a.  lady,  he  deecribcs  bim<«]f  o;;  bclonj^ng  to  *a 
very  small  and  despised  svct  of  ChriHtjaos,  known,  if 
known  at  all,  as  Sandvmanians,  and  our  hope  is  founded 
nn  the  feith  that  i«  in  Christ/  He  adds :  '  I  do  not  thtok 
it  at  all  noecsrary  to  tie  the  study  of  the  natural  i>eiea< 
and  religion  together,  and  in  my  intoroourae  with 
fcUdW-creatHrpfl,  that  which  is  religionn,  nitd  that  whkb' 
til  phil'>wp)iiral,  huvo  over  been  two  distinot  things.*  He 
sow  dearly  the  dantp>r  of  ()iiitting  bis  mooringn,  and  In* 
scienve  acted  indirectly  as  the  vifiTginTxl  of  his  pnrtieu 
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bitli.  For  bi)invM^tigaUi>n«M>lilli»l  bi«m{nd  as  to  Inro 
DO  room  for  joi^ptical  qiiextioniDgs,  thuH  tliielding  from  thn 
MMuHaof  philoBopby  the  creed  of  bia  youth.  Hii  religion 
vaa  «otuUtutional  and  hereditary.  It  was  implied  io  the 
tddie«  of  bis  blood  and  in  the  tTcmors  of  his  brain ;  and, 
however  it<  outward  and  vi«iMc  fonn  inigbt  hare  changed, 
Faiaday  wuidd  «I41I  have  poH«>s«ed  it«  ekmviital  con- 
■titiwata— awe,  reverence,  truth,  and  tore. 

It  is  wortlt  enqoiring  bow  so  profoundly  religious  a 
mind,  and  so  f^at  a  teacher,  would  bo  likely  to  reji^ard 
our  present  discuBsions  on  the  iiibjrct  of  vdncntion. 
Fanday  would  be  a  *  wccubu-ixt '  w<-ie  b«  now  alive.  He 
bad  no  iiyiiipalby  with  thime  who  contemn  knowlt^e 
unlen  it  be  a^eompanicd  by  doj^^a.  A  lecture  delivered 
More  the  City  Philosophical  Socitty  in  1818,  when  be 
was  ttrent^N-six  yean  of  age,  expresses  the  views  regarding 
edocation  which  be  entertained  to  tlto  end  of  his  life. 
'  First,  then,'  he  says, '  all  theological  congideratioas  are 
banished  from  the  society,  aod  of  course  from  my  remarks ; 
and  wliatevor  I  may  soy  has  no  reference  to  a  future  state, 
or  to  the  means  wliich  arc  to  bo  adopted  in  this  world 
in  anticipation  of  It.  Next,  I  have  no  intention  of 
mb»tituting  anything  for  religion,  but  I  wifh  to  take 
that  part  ef  human  nature  which  is  independent  of  it. 
Jlofality,  pbiloeopby,  oommoroe,  the  various  institutions 
and  habits  of  society,  arc  imlcpnindcnt  of  religion,  and  may 
exiit  cither  witb  or  without  {t.  Ttiey  are  always  the 
nine,  and  c»n  dwd)  alike  in  tbe  breasts  of  thooe  who, 
from  ■fpinlon,  are  entirely  opposed  in  the  set  of  principle* 
U>ey  include  in  tbc  term  religion,  or  in  Ibosa  who  bare 
none. 

•To  di«crimirinte  more  closely,  if  posMble,  I  will  ob- 
•erre  that  we  have  no  right  to  judge  religious  opinions; 
but  tb«  human  nature  «f  this  evening  is  that  part  of  man 
whi^  we  han  a  right  to  judge.     And  I  think  it  will  be 
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OD  exxminalit>ii,  that   tliis  humanity — u  it 
be  caUed — will  accord  wiUi  what  I  liav« 
ibed  w  beinf  in  out  owo  hand«  so  impionlile  (ol 


Anwog  m;  old  papen  I  find  th«  follawing  renurka  « 
one  of  my  euUest  diimen  with  Fuaday :  '  At  two  o'duck 
'  came  down  for  me.    He,  his  aiece,  and  myself,  ^nwJ 
ke  pvtj.    "  I  ncrer  giro  dinners,"  he  eaid.    "  I  don't 
low  bow  to  gii-e  dimere,  aad  I  never  dino  out.    Sut  1 
not  hka  mj  friends  to  attiibuto  tfali  to  a  wrong 
I  act  thus  for  the  sake  of  Bccuriog  time  for  vocfc. 
Dot  throogb   religious  motives,  as  soma  imagine-" 
lie  aid  grace.     I  am  olmoet  ojihamed  to  call  his  prajor  * 
'*>aying  orgiscc"   In  tho  laugunge  of  Scriptur«,  it  might 
be  doeeribod  as  the  petition  of  a  son,  into  wfaoso  hvaA 
God  hod  wut  tbe  Spirit  of  Hin  Son,  and  wlio  with  aUo- 
late  txust  asked  a  Ueasing  firom  his  father.     We  dined  on 
r:a5i    beef,   Yorkahiie    pudding,  and    potHtoea;    drank 
Bhcrry,  talked  of  research  and  its  re-quiremeuts^  and  of 
i  babJt  of  keeping  himself  free  from  the  distraotions  of 
net;.    He  was    bright  and  joyful — boylike,  in  Eftd, 
though  bo  is  DOW  njctjr^wo.    His  work  excites  admiration, 
but  eoiiLoct   with   hiu   warms  and  e1«vatc«   tho  heart. 
Here,  surely,  is  a  strong  man.     I  love  strength  ;  but  let 
me  not  forget  tho  example  of  its   onion   with   modesty, 
smess,  and  «woetnc«s,  iu  the  cbanictQr  of  Faraday.' 
Faraday's  prc^reat  >»  di»oovejy,  and  thv  salient  points 
of  hii  character,  are  wi>ll  brought  out  by  the  wise  clioi 
of  letters  and  extracts  publinhf^d  in  these  volumes.     I  w 
not  call  the  labours  of  tbc  biographer  finaL     80  great 
cbatactur  will  ohalti^iige  reconstruction.     In  the  ooming 
time  KMue  ^mpathetic  ^piiir^  with  the  requisite  atrengtli. 
Itoowlodge,  and  «oI\-cut  power,  wilt,  I  doubt  not,  rewkn' 
theae  mutorials  plastic,  give  them  more  perfect  organie 
form,  and  svnd  through  tlivm,  with  leas  of  intemiptiui 
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the  ctuTcote  of  Farada;*9  life.  '  Ue  was  too  good  a  man,* 
write*  Ilia  pieeciit  biograi^r, '  for  mo  to  estimato  rigbtlj, 
aod  loo  gTvnt  s  philosopher  for  mo  to  undvnttanil 
thoroughlT.'  That  may  k«:  Inii  tbe  rercrcnt  afTvclfon  to 
which  we  owe  the  discovery,  Sflection,  and  airangement 
of  the  inat«iiaU  heie  placed  before  ii9,  is  prabal>l7  a  surer 
gnido  thsB  mere  1it«mry  skill.  The  task  of  the  artist 
who  may  wish  in  ftituro  times  to  rcproduco  Uio  rc«l 
though  nnobtnitivo  gmudcur,  the  purity,  beauty,  and 
childlike  simplicity  of  him  wliom  we  have  loat,  wilt  find 
his  chief  treasury  already  provided  for  him  by  Dr.  Bene* 
Jooea's  labour  of  lor& 
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rlKTV  jean  ago  Eketto-magnetism  traa  looked  ton 
a  motive  power,  which  might  poosiblj  compebi  wtth 
tateun.     In  ceotrva  of  indiulTjr,  tvxh  u  Mtinchtwter,  atj 
[  tempt«  to  iiirMtlgnte  mod  apply  this  power  wcr«  niUDcroDS'^ 
[This  is  ahown  hy  the  fcientific  literature  of  the  tim« 
aoDji:  others  Mr.  Jamea  Presoofc  Joule,  a  resident  of  Man- 
'«h«tcr,  took  up  the  sutject,  and,  id  a  aeriee  of  papers  poh- 
lished  in  StuigeoD^s  *  AnnaU  of  Eloctricitr'  between  1S39 
ftad  1841,  decerilwd  variotu  attcmpt«  at  Uie  «>BStm<-(i<3&  | 
and  porfbctioQ  of  electro-magnntic  en^^M^     The  spirit  ii 
which  Mr.  Joule  pursued  thcM  cnquirios  i«  f«re«led  in  thaj 
following  ntmct :  *  I  ain  particularly  anxioos,*  be  say 
'  to  communicate  any  new  arrajigeut^iit  in  order,  if 
ble,  to  foKStall  the  monopolising  d»igns  of  Uiom  wt 
,  w«tm  to  rt^ard  this  most  intcrvsting  subject  merely  in  the 
light  of  pecuniaiy  speculatioD.'     Ho  wue  natunlly  led 
inveaAigato    tlic    laws    of    electroinngaetic    attra«tioo 
and  in  1 840  he  announced  the  important  principle  that 
tlie  attractive  force  exerted  by  two  eleotro-magm^tA,  or  li] 
an  electro-mngnet  and  a  mass  of  annealed  iron,  iK  dirccL 
proportional  to  the  square  of  the  strength  of  the  mogni't- 
isiag  current;   while  the  attraction  exerted  betwtwn  an 
cleclro'mugnct  and  tho  polo  of  a  permanent  steel  magQi4, 
i-aritM   nimply    as   tiw    strength  of  tlio  current.     Tli»e 
ioveetigations  were  conducted  indapeodciiUy  of,  though  a 
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'little  9ubiie<)Uii)U;  to,  the  c«lebrat«d  eoquines  of  Henijr, 
Jacobi,  and  Lenz  aad  Jacobi,  on  the  same  subject. 

On  December  17,  1810,  Sir.  Jotile  communicated  to 
the  Uoytii  Sociotj  ■  papur  on  tbo  production  of  b«it 
W  Voltaic  electricity.  In  it  he  announced  the  law  that 
the  caloiitiG  effcc-ta  of  e<)uul  qiiantitio!*  uf  trun»uitr4:il 
electricity  are  proportional  to  the  rceiHtanoo  overcome 
by  tbe  current,  whatever  may  be  the  length,  thickneea, 
shape,  or  character  of  the  metal  which  oloses  the  cir- 
ciut :  and  also  proportional  to  the  sqiiarc  of  th«  quantity 
of  transmitted  dcctricily.  This  i*  a  lavr  of  ]>riiniiry 
iniportsncv.  In  an"th<tr  pmpi'r,  pruentt-d  to,  but  di— 
dined  by,  tJi«  Royal  Society,  he  conRnned  this  law  by 
n«w  experiments,  and  materially  citended  it.  He  also 
executed  experiments  on  the  heat  oonsequent  on  the 
paasage  of  Voltaic  electricity  throng  electrolytea,  and 
found,  in  all  cases,  that  the  heat  evolved  by  the  proper 
action  of  any  Voltaic  current  is  proportional  to  the 
«)uar«  of  tbe  intenaty  of  that  current,  multiplied  by  the 
mistaooe  to  conduction  which  it  cx))eri«nc«R.  From 
thi«  law  he  dcducnl  a  number  of  conclusioas  of  the 
highest  importance  to  electro-chemistry. 

It  was  during  these  enquiries,  which  are  marked 
throughout  by  rare  sagacity  and  orii^nality,  that  the  great 
idea  of  establishini;  quantitative  relations  between  Mo- 
vhsin'cnl  KiiergyanJ  llcat  aroKe  ami  antuinod  definite  form 
ta  hi*  mind.  lo  l(t43  Mr.  JoiUe  read  before  the  meeting 
uf  the  British  .\s»i>ciation  at  Cork  a  paper  *0n  the  Calorific 
Effecta  of  Slafrnelo-Hloctricity,  and  on  tlie  Mechanical 
Value  of  Heat.'  Kren  at  tlic  present  d.iy  this  memoir 
is  tough  reading,  and  at  tlic  timo  it  was  written  it  mu»t 
have  appeared  hopeleafly  entangled.  Tht*,  I  ithould 
Ihiak.  was  tlic  reason  why  Faraday  advised  Mr.  Ji>ule 
oot  to  tubmit  the  paper  to  the  Koyal  Society.  Uut  its 
drift  and   n*utta  are  stmuned   up  in   tb^M  memorable 
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^rard>  by  iU  mnUiar,  vrittea  «)iitt  &!■»  mlatquuiillT-. ' 
paper  it  wu  demowbstod  qipwbiiMiUlly,  ttot 

jcal  povcr  exBrttd  in  taming  a  mftgnrUvcl 
bias  is  coa«vi(«d  into  die  beat  evolved  by  the 
of  the  eumnU  of  indnctkai  thniogh  ita  oaiU ;  and,  on  iW 
other  hand,  that  the  motive  power  of  tbe  dectro-inagiiKiB 
ngise  is  obtaiaed  at  tb«  capenM  of  ilto  heat,  due  tu  (bf 
cbemkal  raaotioQ  of  the  battory  by  which  it  is  worked.'* 
It  t>  nrodlrct  to  dwell  upon  the  wpJg^t  aiid  importaaee  (i 
thia  statetoeot. 

Coniideriiig  the  imperiectiom  incidt^nUl  io  a  fint 
dcttfrmiuatioD,  it  U  not  furptisin;  tbat  the  '  tnechuical 
values  uf  beat,'  d«du<r«il  from  the  difieieot  seriea  of  «ai' 
penmeote  paUifib«l  in  1843,  mriod  widely  bom  eadi 
othrr.  Tbo  lowest  limit  was  587,  aad  tbc  bighcst  1,026 
foot-pouDds,  for  I'  Fahf.  of  tcmpetaturc. 

One  noteworthy  rajidt   of  bis  eoqitirini,   which  waa 
pointed  out  at  tho  time  fay  llr.  Joule,  liad   retereoee 
to  the  axcoedingly  intnll  fraction  of  the   beat  antually 
cotl^'erted  into  uwful  cfitvt  in  tlw  stoun-vngine.      The 
titoughtt  of  the  celebrated  Julius  Robofi   Mayer,  who 
wail  tbi-n  engaged  in  Germany  opon  the  suue  qiuFtioo, 
liad  moved  independcDtly  in  the  eame  groore ;  but  to  bia 
labours  due  reCereiKS  will  bo  node  on  a  future  ooo- 
rioD.*     Id  the  nicmoir  now  referred  to,  .^Ir.  Jt>ule  alw 
announced  tbat  he  had  proved  heat  to  be  evolved  duriiif 
the  passage  of  water    through  narrow  tuba ;  and 
deduced  from  these  experiments  an  et|uival<.-iit  of  770| 
foot-pounds,  a  Rgiire  temarkably  near  the  one   now  ar 
cepted.     A  detaohod  ktatemeot  rf^garding  tbc  origin  ami 
convortibiiity  of  animal  beat  strikingly   illuatmlcar  U: 
pcDetration  of  Mr.  Joule,  and  bis  mastery  uf  principles,  a 
Uio  period  now  rcfiTied  to.     A  friend  had  nivntiuned  I 
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H:l1I't'»  hTpoDitfsis,  that  noimal  beat  might  arias. 
iiD  tlie  fricUoD  uf  tba  blood  in  tlio  Tcins  aod  arteries,  i 
It  is  unqnestioDable,'  wric«9  Mr.  Joule,  *  thnb  heat  is 
aoed  bf  EUch  friction ;  but  it  iquhC  be  UDdenttood  that 
inecliaoical  forc«  expended  in  the  friction  is  a  part  uf 
forco  of  affinity  vhiuh  causes  the  venoua  blood  to  unite 
vilh  oxvgm,  BO  that  tlm  whole  heat  of  the  system  miuit 
atill   be   Tufcrrvd  to  the  chemical  diangcti.     But  if  the 
animal  were  engaged  in  turning  a  piece  of  macbiuciy,  or 
in  ascending  a  mountain,  I  apprehend  that  in  propoHJoa  4 
tbe  muscular  effort  put  forth  for  the  purpose,  a  dimi- ' 

of  the  heat  evolved  in  the  srstcm  bjr  a  given 
rmicnl  action  would  be   experienced.'     Tbe  italics  in 
i*  memorable  poiwage,  written,  it  is  to  be  remembered, 
lft43,  are  &lr.  Joule's  own. 

Tlie  concluding  paragraph  uf  this  British  Aivocintion 
per  equally  illustrates  bis  in&ight  and  precision,  regard-  , 
iuf;  the  nature  of  chemical  and  latent  htat.  *  t  liad,'  bo  * 
tes,  'endeavoured  to  prove  that  when  two  atoms 
ibiDc  together,  the  beat  evolved  is  exactly  that  which 
would  have  been  evolved  by  the  electrical  current  due 
the  chemical  action  taking  place,  and  is  tJiereforo  pro- 
1  to  the  intensity  of  the  chemical  force  causing 
ouu  to  combine  I  now  venture  to  state  more 
explicitly,  that  it  ia  not  precisely  the  attraction  of  affinity, 
I  rather  tbe  mechanical  force  expended  bj  the  atoms  in 
iug  towards  one  another,  which  determine*  the  i»> 
ity  of  Uio  current,  and,  oonsoqucnily,  the  quantity  of 
BTuIved;  so  that  we  have  a  cimple  hypotlMsIa  by 
we  may  explain  why  hi^at  Ia  eiohed  go  fireely  in 
tbe  combinatioa  of  gnsex,  and  by  which  indeed  we  may 
^■conutit  "L-iU'nt  beat"  as  a  mecbanical  power,  prepared 
^Br  artiou,aa  a  watch-spring  is  when  wound  up.  Suppose, 
^■r  the  sake  of  illustration,  that  8  Ibi.  of  oxygen  aod 
*^  lb.  of  hydrof^n  were  presented  to  one  another  In  the 
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Wrfcetlr  nRmd  of  Uw  hapMrtanop  of  the:  prinapte 
wfcicb  ha  cmcitBcntB  aitded  *t  wrtmWithtwg.  Mr.  Joule 
did  not  nat  imilrl  «Uh  iwHa  pweenting  sqch  diaere- 
|aiH9a  M  those  ftbora  lafiined  to.  He  resorted  in 
l«  eating  nv  HHthad^  lad  mde  itUltMvte  experinMob 
M  the  tWrad  ^bmgm  fvodneed  in  »ir  during  it«  ei 
lioD :  fintly,  iigKiiift  ■  pRswv,  lad  therrfbrc  perfoTining 
work ;  •eeondh'.  Kgunst  no  pvomie,  uid  thercfure  per^j 
fonniii;  BO  work.  He  that  eatehHihwl  anew  the 
bvtweeit  tb«  heat  eoosamed  sod  the  woik  done. 
fiv(!  different  Hxia  of  ezperiiiMiit*  he  deduced  fii 
diScietit  mecbBtneal  equiTaleot*:  the  agireoneiit 
Ibem  being  hx  greater  than  that  attained  in  hit  fint 
fsperimentB.  The  mean  of  them  vaa  803  foot-poond 
From  experimrtitc  with  water  agitaited  bv  a  paddle-wheel, 
he  d«ducrd,  in  1845,  on  cjui^'alent  of  990  foot-pounds 
la  1847  he  ngain  operat«d  upon  water  and  upcmwiil 
ngitatcd  ttutn  hj  a  peddle-wbeel,  determined  tbeir  i-lcva 
UuD  of  tempersture,  and  the  mMhanical  power  whicli 
produced  it.  From  the  one  he  dcrirod  an  equivalent 
781-5  foot-pounds ;  from  th«  other  iin  «iiiivalent  of  782"l 
foot-pounds.  Tbo  Dcaii.of  thcise  two  wry  close  dct 
minurii>n>  i*  781-8  foot-pounds. 

At  lliia  time  the  Uboun  of  the  pr«-vinti«  ten  yean  '. 
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nude  Mr.  Joitle  Ktinpletcly  lUiislc-r  of  tbo  conditiuas  c*> 
scntul  to  accuracy  and  success.  Bringing  his  ripened , 
experience  to  bc«r  upon  the  subject,  ho  oxecutod  in  1849 
a  Bcric*  of  40  vxperimentx  on  tbo  friction  of  wat«r,  60 
tr-tp>:rimenU  on  the  fricti<)n  of  m«rcury,  auti  20  vxpcri- 
nxtnts  on  the  friction  of  phit«5  of  caat-tron.  H«  deduced 
frwni  them  experimecita  our  pceeeot  mechanical  equivalent 
■tf  heat,  justly  Tecogniaed  all  over  the  world  as  *  Joule's 
cqaivBlent.' 

Tlicrc  are  labours  so  great  and  eo  pre^ant  in  coow 
qucDccsi  that  they  aro  roost  highly  praised  when  they  ore 
most  simply  stated.  Such  arc  the  Labours  of  Iktr.  Joule. 
They  constitute  the  eicperimeota]  foundation  of  a  prindpla 
of  iocalculable  moment,  not  only  to  the  practice,  but  stiU;^ 
more  to  the  philosophy  of  Science.  Since  the  days 
Nevlou,  Dotbing  more  important  than  the  Uieory*  of 
vhjcb  Mr.  Joule  is  the  experimental  demonstrator,  has 
beat  enunciated. 

I  have  omitted  nil  rcfercDce  to  the  numerous  minor 
papcn  with  which  Mr.  Joule  has  enriched  scientific  titcnu 
tur«.  Nor  have  I  alluded  to  the  important  inveiitigationt 
which  he  has  conducted  jointly  with  Sir  William  Tbom- 
sun.  But  sufficient,  I  think,  has  been  here  said  to  show 
that,  in  conferring  upon  Sir.  JovUe  the  highest  honour  of 
the  Uoyal  Society,  the  Council  paid  to  genius  not  only  a 
well-won  tribute,  but  one  which  had  been  lairlj  earned 
twenty  years  prftviou*ly. 
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DR.  JULIUS  KOBEKT  MAVKK  was  educaUxl  for  On 
medical  pco&enon.     In  Uie  BomtDer  of  IS40,  ub 
bimaelf  informs  oa,  he  waa  at  Javs,  &Dd  there  obserred  thit 
tlw  Teocnia  blood  of  come  of  hit  potdcnto  hwl  a  liognlari; 
bright  r4  eolonr.    The  ofaoervrntioa  riveted  \xia  AtLcnllon; 
be  nuoiMd  apon  it,  and  came  to  the  co&cltuioo  that  tbei 
brightness  of  the  colour  was  due  to  the  fed  that  «  I 
amount  of  ozidation  sufficed  to  keep  up  the  temperab 
of  the  body  in  a  hot  climate  than  in  a  cold  one. 
darkaeai  of  tlic  vcnoiu  blood  ho  n^ardcd  as  the  visiUi 
sign  of  the  energj  of  the  osidation. 

It  would  be  tribal  to  remark  that  accidmu  imch 
this,  appealing  to  minds  prepared  for  them,  bavo  u: 
led  to  great  disooveriee.    Mayer's  attention  was  thereb; 
dnwn  to  the  whole  question  of  animal  heat.     Lavoisi 
Iiad  ascribed  this  h<^t  to  the  oxidation  of  the  food, 
great  principle,"  myt  Slayer,  *  of  the  pkyniolt^cal  tl 
of  combustion,  is  that  tinder  all  ciroumatances  the  auw) 
amount  of  fiiol  yields,  by  ite  perfect  combustion,  the  same 
amount  of  heat ;  tltat  this  law  holds  good  even  for  vital 
proocssea ;  and  that  henoe  the  living  body,  notwithstAD: 
ingall  its  enigmas  and  wonders,  is  incompetent  to  general 
heat  out  of  Dotliing.' 

But  beyond  Uie  power  of  generating  internal  heat,  Uii 
animal  orgaaixm   can  also  genemle  beat  outxide  of  UaelL 
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A  hlsfkstnith,  for  example,  by  Iiammeriiig  can  beat  a.  nail, 
nnd  ft  ravagie  by  frietioD  can  warm  wood  to  its  point  of 
itpiitioti.  Xow,  imlc»  wc  giro  up  the  pliyeiolo^^cal  axiom 
that  the  living  Ixxly  cannot  C3xmt«  heat  out  of  nothing, 
'  wc  are  driven,'  nys  Mayitr, '  to  the  conehulon  that  it  it 
tbe  total  heat  generated  within  and  without  that  is  to  be 
regftrded  aa  tbe  tme  calorific  effect  of  the  matter  oxidised 
in  the  body.' 

From  this,  a^in,  he  inferred  that  the  heat  generated 
externally  must  stand  in  a  fixed  relation  to  the  work 
expended  in  its  production.  For,  supposing  the  organic 
proocsM*  to  remun  (he  nmc ;  if  it  wore  posxiblv,  by  the 
mere  alteration  of  the  apjiaratiig,  to  generate  different 
aTDuunts  of  lieat  by  the  same  amount  of  work,  it  would 
follow  that  tbe  oxidation  of  the  same  amount  of  material 
would  aometimes  yield  a  leas,  sometimes  a  greater, 
quantity  of  h<!at.  '  Henoo,'  says  Mayer,  *  that  a  fixed 
relation  subeUt^  between  heat  and  work,  U  a  postulate  of 
tbe  phyriological  theory  of  combustion.' 

This  is  tlic  ximplc  and  natural  account,  given  subse- 
quently by  Mayer  hlmimlf,  of  the  connce  of  thought  started 
by  bia  observation  in  Java.  Kut  the  convictitm  once 
formed,  that  an  unalterable  relation  subsists  between  work 
and  beat,  it  was  inevitable  that  Mayer  should  seek  to 
espreu  it  nunKxically.  It  was  also  ineritable  that  a  miud 
like  hie,  baring  raised  itself  to  clearness  on  this  important 
point,  xhoiild  puxh  forward  to  eonsid*^  Ibo  relatiousbip  of 
natutal  furceu  generally.  At  Uic  beginning  of  1842  his 
work  bad  made  oonuderablc  progmn ;  but  he  bad  become 
pttysoan  to  tbe  town  of  Heilbronn.  and  Ui«  duties  of  hin 
proflBanDa  bmited  the  time  vhicli  be  could  derote  to 
purely  sci«DtiGc  enquiry.  Ho  thought  it  wise,  therefore, 
to  securo  himiplf  against  accident,  and  in  llin  spring  of 
1943  wnite  to  Liebig.  anking  him  to  publish  in  bis 
'Anoalen'  a  brief  preliminary  notice  of  the  work  then 
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aecomplifitied.  UtUg  did  to,  and  I>r.  Majrcr'a  Ret 
|n|wr  is  roaUiiniKl  in  the  Msr  number  of  Uie  '  Annakn 
for  1843. 

Mayer  foad  nacfaed  Ids  conclusions  bj  rcflfvlioj;  tm  >be 
ciimiilcs  proc«cBea  of  the  Mvivg  body;  but  his  first  Mifp 
in  ptililie  wu  to  itate  dcBoitcly  t)K^  [ibrHical  principle*  in 
vhicb   bit   phjrsiolagioitl   deductiofin   \rcrc  to   rcct.     H« 
bewail,  tbRrefure,  vJUt   the  forces  of  inorgnnic  naltire. 
Tic  fiiiiJ^  iu  tlio  universe  two  Bjttenaa  of  catiMM  wblcb  tio 
n->t  niuliiftUy  convertible ; — tbe  different  Icindti  of  matter 
and  iJie  different  forms  of  force.     The  first  quality  of  botb 
afiinns  to  be  imUttruOihiUty.     A  force  cannot  beoon* 
»tbin|>:,  nor  can  it  ariae  from  nothing.     Forces  are  coo* 
vertiblo  hut  nut  destmctiblei.     In  tbe  Icnoioology  of  Mi 
time,  be  iht'n  ^vea  clear  expression  to  the  idcAit  of  polen' 
ilal  and  dynamic  enei^, illustrating  hia  point  hya  mAgMi 
mting  upon  the  earth,  anspended  at  a  height  alxive  tbe 
(■■.ncth,  and  vctuatly  falling  to  ttic  earth.     Ue  next  fixes 
his  utlcntioD  on  cases  where  motion  is  apparently  des- 
troyed, vilhout  producing  other  motion ;  on  the  shock  of 
inelastic  bodien,  for  ejiample.     Under  wliiit  form  does  the 
r  vanished  motion  maintain  itaelf?     Experiment  ikliine.mys 
Mayer,  can  help  us  here.     Be  warms  water  by  stirring 
it ;  be  refers  to  the  force  expended  in  overcoming  fHctio 
Motion  in  Itoth  canes  disappears;  b«it  beat  is  |!«nerai 
and  tbe  quantity  generated  is  the  equivalent  of  the  moti 
destroyed.     *Oiir  locomotives,'  he  observes  with  extta- 
ordinary   sagacity,  'may  be  compared   to  disttUing  n 
pnratus :  the    heat    bcnrath    the   boiler  passes  into 
motion  of  the  train,  ami  is  again  deposited  as  heat  in 
axlu  and  wheels;.' 

A  numerical  solution  of  the  relation  bctwocn  beat  and 
work  vras  wiiat  Mayer  aimed  at,  and  towards  tbe  end  of 
bis  Bret  paper  be  malcee  the  attempt.  It  was  known  that 
a  definite  amount  of  air,  in  rising  one  degree  in  teanpwii^ 
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con  take  up  tno  different  nmotmts  of  beat.  If  its 
be  IcL-pt  constiuit,  it  takes  up  one  fttnount:  if  iU 
iTo  he  kept  coDstaut  it  takea  up  a  different  amount, 
be*e  two  amounts  are  called  tlie  iipcciBe  hot  under  con- 
Qt  Tolunic  and  under  constant  preaaure.  Tb«  ratio  of  Uie 
;  to  tlio  second  is  as  1 :  r421.  Xo  man,  to  my  know- 
il);e,  prior  to  Dr.  Mayer,  penetrated  the  siguilicanoeof 
0  tiro  numbers,  lie  firet  snw  that  the  excess  0*421 
not,  lu  tlion  uiiivcr»liy  supposed,  hetit  actually 
in  tbe  ga«,  but  lieat  wliii-h  litid  boen  nctiuiUy  eon- 
by  the  gas  in  expanding  against  preasure.  Th<! 
at  of  work  here  performed  was  aoouratety  known, 
the  amount  of  beat  conxumed  was  a)«o  aocuratoly  known, 
ad  from  UiMe  data  Jfayer  detcnnioecl  Uic  mcebanical 
ijiiivaluut  of  beat.  Even  in  this  first  paper  be  in  able  to 
direct  attention  to  tbe  enormous  discrepancy  between  tho 
aeiiretic  power  of  the  fuel  consumed  in  steam- engin ex,  and 
eir  useful  effect, 
Tbougb  this  paper  contains  but  the  germ  of  bis 
irtlier  labours,  i  think  it  may  be  safely  atsumed  that,  as 
the  mechanical  theory  of  Lvat,  this  obtcure  Ueil- 
bronn  physician,  in  tbc  year  184'i,  wa^  in  advance  of  all 
the  tciontific  taca  of  thi!  time. 

Having,  by  tbe  publii^tion  of  this  paper,  s«:ured  hira- 
Mlf  against  wliat  he  calls  *  EventualitAten,'  be  devoted 
errry  hour  of  hi*  xpore  time  to  bis  studies,  and  in  1845 
pablisheci  a  memoir  which  far  transcends  bis  first  one  in 
weight  and  fulness,  and,  indeed,  marks  an  epoch  in  the 
hUlnn,'  iif  ftoicnee.  Tlie  title  of  Mayer's  firet  paper  was, 
^  Itemarlu  on  the  Forces  of  Inorganic  Nature.'  The  title 
his  second  great  essay  was,  'Organic  Motion  in  its 
with  Xutritinti.'  In  it  he  expands  and  illiis- 
Ibe  physical  principles  laid  down  in  bis  first  brief 
He  goM  fully  through  tiie  caiculation  of  tlie 
meehanicnl  equivalent  of  heat.      He  calmlates  tbe  per* . 
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rormances  of  ateam-engine*,  and  finds  that  1 00  Ibt.  of  ooal, 
in  a  good  irorking  engine,  produce  only  tfae  Ame  amount 
of  boat  as  So  lbs.  in  an  UDWorking  one;  the  5  ]bs.  di^ 
appearing  kaving  been  conrert«d  into  work,  lie  deter- 
mines tJie  tiwful  effect  of  gunpowder,  and  lindii  uine  per 
cent,  of  die  force  of  the  consumed  charcoal  invested  on 
tbe  moving  ball.  He  records  obsemtiMU  on  the  haat 
geoeiated  in  water  agitated  by  the  pulptng-ongine  of  a 
paper  manufiictory,  and  calculates  the  c>(itiivalcnt  of  that 
best  Id  hor««-powfT.  Ho  ooniporvs  cbcmica)  comltinatioo 
with  mcclianical  combination — tbe  union  of  atontK  with 
tbe  tiiiion  of  falling  bodies  with  tbe  earth.  He  calculates 
the  velooit,v  with  whicb  a  body  starting  at  as  infinite 
distance  would  Btrike  tbo  earths  tur&ice,  and  finds  that 
t)ie  heat  gcDCnit«d  by  itx  eolltfioa  would  raise  an  equal 
veight  of  water  17,&56°  C-  tn  tcmpeniture.  He  then 
<1etejinine«  the  Uieruuil  effeoi  vkich  would  be  prodocvd 
by  tfae  earth  itself  falling  into  the  sun.  So  that  bers,  is 
1845,  we  have  the  germ  of  that  meteorio  theory  of  the 
gun's  heat  which  Mayer  developed  with  such  ettraordinary 
ability  three  yr«nt  oft«rwnrd(.  Ho  also  points  to  the 
almost  exclusive  cfficaey  of  the  sun's  best  in  prodnctog 
tneeluioical  motiouM  upon  tbe  earlli,  winding  up  with  the 
profound  remark,  that  tbe  beat  developed  by  friotiea  in 
the  whevls  of  our  wind  and  water  milts  oon»e*  &om  tbe 
srm  in  tbe  form  of  vibratoiy  motion ;  nbila  tba  beat  pro- 
duced by  mills  driven  by  tidal  action  is  geimrat«d  at  the 
expense  of  tfaa  earth's  azial  rotation. 

Haring  tlnix,  with  firm  step,  passed  lliroitgh  tbe  piiwws 
of  inorganic  nature,  bis  next  object  i*  to  bring  bis  pcin- 
dplee  to  bear  upon  the  phenomena  of  vegetable  and 
animal  liff.  VS'ood  and  coal  can  bum ;  whence  coom 
their  heal,  and  the  work  prodiiciUo  by  that  bast  f  Fium 
the  immeasurable  retervoir  of  the  sun.  Xatore  las 
proposed  tobertelf  tbe  task  of  storing  up  the  light  which 
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c«rt]iwAr(t  rmm  tlio  Run,  and  of  ciwting  into  n 
pmmuMiit  fi>rm  ibe  luoHt  fii^tJve  of  all  poworf.  To  Uiia 
end  tha  has  oTerspread  the  earth  with  organisms  which, 
«iiUe  livJDv:,  take  in  the  solar  lights  and  by  its  consump- 
ttoD  (n^Dcrate  foiccn  of  another  kinil.  Thc^o  organigmB 
are  plants.  Tlie  vt^getabk  vorkl,  indovil,  coD»tJtittcs  tfao 
fe^ltraniuiit  whereby  the  wave-motioa  of  the  »m  is  cbangod 
PKto  tlie  rigid  form  of  cbemical  tension,  and  tbtn  prepared 
far  future  use.  With  this  previaioD,  as  shall  subsequently 
be  diOWD,  the  existendo  of  tb«-  human  race  itetlf  is  insepar- 
ably connected.  It  is  to  be  obst-rw-d  th«t  Mayer's  iittcr- 
ueea  are  for  from  being  antieipatud  by  Tagmi  Htat<.-mttnta 
ngsrdti^  Um  *  ullmnlus '  of  lif^bt,  or  regarding  coal  as 
'  battled  ninlight.'  He  firat  saw  the  full  Dieaning  of  De 
Sansaure's  observation  of  the  reducing  power  of  tlie  solar 
lays,  and  gave  that  observation  its  proper  place  in  the 
doctrine  of  conservation.  In  the  leaves  of  a  tree,  the 
carbon  and  oxygen  of  carbonic  acid,  and  the  hydrogen  and 
oxygen  of  water,  arc  forced  antndcr  at  the  expense  of  tbo 
^^in,  and  the  umount  of  pow<er  thus  cacrifict'd  is  accural  cly 
f^ptorod  l>}'  Uie  combiuttion  of  tltv  Inf.  The  heat  and 
Work  potential  in  our  coal  strata  are  so  much  strength 
withdrawn  from  the  sun  of  former  ages.  Mayer  lays  the 
axe  to  the  root  of  many  notions  regarding  '  vital  force ' 
which  were  prevalent  when  bo  wrote.  With  the  plain 
fact  bofbre  tu  that  planl*  cannot  perform  the  work  of 
reduction,  or  gcnembn  ehemi««l  tenKtons,  in  the  abtwinoe 
of  the  aoUr  rays,  it  is,  be  contends,  incredible  that  these 
'ins  shofdd  be  caused  by  the  mystic  play  of  the  vital 
Such  Bu  bypotheids  would  cut  off  all  invc«tigittion  ; 
it  would  land  oa  in  a  chaos  of  nnbridlcd  pbantory.  '■  I 
coont,'  bo  nvf,  *  Uierrforo,  upon  nsou-nt  wlieu  I  states  as  an 
Bxiotnatic  tmth,  tJiat  during  vital  processes  the  convert 
tion  only,  and  never  tbo  ci-eation  of  matter  or  foroe 
oocnn> 


■od  aaee 
■  uijgvu.    Aoiml 
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ba«;  hegmpi  Ui K^gret  is  all  Ha  deUil*.  and  radnoM 
!■  ipat»  tW  nn— ifiab rf mMBolM-  acUon.     Abonlv 
«b»  ianpBrtB  to  ■■  MK.  1^  a  vdocitT-  of  30  feet,  oaor- 
a^Da  is  tha   a«t  -|^  of  a  pais   of  ^jltan.     A  nuaj 
— *^**g  UOB«-,  WiiotfftaUa  awa  body  to  a  h«tglit( 
8  feet,  BO— i^ei  a  tte  set  ]  Rnin  of  ouIiob.    In  eltml 
faig  a  EBonntaiii  lOgOOO  bet  Ugh,  the  coBSomption  of  ihs] 
aania  naa  woaU  be  2  oi.  4  dia.    50  gn.   of  out 
Bonaringstdt  had  dctermiaed  flipdriniaitallj  theaddUiiHtl 
l«  be  tmde  to  the  hoA  at  boraea  wbm  actively  workioj;, 
and  Liebip  had  deteraoiaed  the  addJUeo  bo  bo  made  in 
tbe  caae  of  men.     EmployiDgf  the  raechantea]  vquivalvnt , 
of  h'nt,  wlikli  be  bod  previoiuly  calcolaUd,  Majer  ]irovea] 
th«  adiiitifmsl  food  to  be  amply   mfficient  to  oovor 
increased  oxidatioii. 

But  he  does  not  oonteni  himeclf  with  Bbowing,  in 
gcnoral  way,  that  the  human  body  burns  accordinfr  tnl 
mdnhaite  la*r»,  wb«n  it  pcrfbrros  mixhanical  work.  IIo 
PB<:ka  to  detvrtniD«  the  parfJcular  portion  of  the  boily  i 
ttuiae'l,  anil  in  doing  so  execiiti'i)  Home  noteworthy  uulmihi' 
tianfl.  Tlie  muscles  of  alabourer  IM  Itis.  in  weight  weigh^ 
64  Ibo.;  when  perfectly  desiccated  tbey  fall  to  15  lbs. 
Wtiro  ttiv  oxidation  convepoiKJiDg  to  Ihiit  lahourec's  workJ 
eznrtvd  on  the  mtuclm  alouo,  thry  iroiihl  Ira  utterly  conJ 
mimed  in  BO  dnyH.  Tbe  faeari  fuminbcs  a  ulill  more  HtrikiRgl 
cxHtnple.  Were  the  oxidation  nc<CR«ajy  to  BUsUiin  tfaai 
licart.**  action  exerted  upon  itsowa  tisfiie^it  would  be  oUsrln 
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Rtncumcd  in  B  daje.  Antl  if  no  confin«  our  attcutjim  to 
tbo  two  ventricles,  tlieir  action  irould  Iw  sufHcivnt  to 
eoDsume  the  aasociaLed  muficular  tiasue  in  3(  davi*-  Here, 
io  hia  own  nordj,  empkasiaed  in  bis  own  way,  ir  Kfajer'g 
pregiukiit  cxHictuiiion  from  tbeee  calculations:  *The[Duwle 
it  onlv  tb«  ap]Miratufl  bj  means  of  vbich  tbe  eanversion  of 
Um  lbrc«  ii  «ffcet«d ;  b\tt  it  la  not  fhe  mtiMdanee  conaurMd 
Vn  the produetum  of  (he -mrciuinmU  effect*  Ho  calls  tho 
lilood  *  the  oil  of  the  lamp  of  life ; '  il  t»  llie  «Iow-biirniag 
fluid  wboM  clicmical  force,  fn  tbo  furnace  of  tbe  eapilln- 
rles,  ia  Ba£rilic«d  to  ]>roduoo  animal  motion.  Tkis  «a» 
Mayer's  oondusioD  twenty-six  years  ago.  It  was  in 
complete  opposition  to  the  BcieoUGc  oonclusions  of  bia 
time;  but  eminent  invesfjgators  bat'e  since  amply  veri- 
fied it. 

Thu»,  in  baldest  outline,  I  have  sought  to  give  some 
notion  of  tlio  first  half  of  tbis  marvellous  essay.  Tbe 
■eeood  half  in  to  cxclHsiTcly  phpiological  tliat  I  do  not 
wtHb  to  meddle  with  it,  I  will  otily  add  the  illuitratioD 
«ni|i!oyed  by  Allayer  tu  explaiu  tbe  action  of  the  nerves 
upuQ  the  muscles.  As  an  engineer,  by  tbe  motion  of  bts 
finger  in  opening  a  valve  or  loosing  a  detent,  can  liberate 
an  amount  of  mechanical  motion  almost  inlinitc  com- 
pared  with  its  exciting  cause,  so  the  norvcs,  actiog  upon 
the  muscles,  can  unlock  an  amount  of  aetivity,  wholly 

of  proportion  to  the  work  dona  by  tbe  nerves  tbem- 
rcs. 

At  regards  theso  (giiMtJons  of  weiglitiest  import  to  the 
•draoe  of  phynolf^,  Dr.  Mayer,  in  1845,  was  assuredly 
fiir  in  advance  of  all  living  men. 

Mayer  grasped  tbe  mectianiesl  tbeory  of  boat   with 

imanding  power,  illitetrating  it  and  applying  it  in  the 
.  diverse  domains,  lie  began,  as  wo  liavc  wen,  with 
phyKlcsl  principles ;  he  determined  the  numerical  rela- 
tion between  beat  bik)  wnrk;  be  revealed  (lie  nource  of 
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tlie  eoergict  of  the  vegeUlite  woild,  and  dioved  the  rcU> 
tioD^hip  of  tiic  beat  of  our  fires  to  wiu  heat.  He  faUomil 
thevDeTpiw  wblcb  were  potentixl  in  tiie  vegetable,  up  (* 
tlidr  local  ezhatution  is  the  onimaL  Biit  in  1S45  k  new 
llutu^bt  wat  forood  opoo  bim  by  hit  citlailiitlixiM.  Me 
Ibon,  for  tbc  fint  time,  drew  atlcntioo  to  the  anounding 
amount  of  beat  generated  b^  gravity  where  the  forai 
lias  sufficient  distaaoe  to  act  tfaroogh.  He  proved,  u  1 
liave  before  statod,  the  beat  of  eoUisiun  of  a  bodj  fnlli^ 
from  an  infinito  distance  to  the  earth,  to  be  sufficicnit  te 
raise  the  temperature  of  a  quantity  of  water)  equal  totbt 
falliog  body  in  weight,  1 7,356°  C.  He  ti*o  found,  io  184^ 
thai  the  gnivitaling  force  between  the  wlb  and  sun  «si 
vo;apAtent  to  generate  an  anuant  of  heat  equal  ta  that 
obtainable  &om  the  combustion  of  6,000  times  tlie  weigiil 
of  the  earth  of  solid  ooal.  With  the  quieknese  of  gaam 
bo  saw  that  we  bad  here  a  power  sufficient  to  produce  tlie 
enormous  temperature  of  Ibe  sud,  and  also  to  account  for 
the  primal  molten  condition  of  oiu-  own  planet.  Muyrr 
eIiows  the  utter  inadequacy  of  chemical  forces,  as  we  knu* 
them,  to  produce  or  maintain  th«  solar  Uimperaturo.  He 
Hhiiws  titat  w«re  the  sim  a  lump  of  coal  it  would  le 
ittt^irly  consumed  in  5,000  years.  He  shown  tb«  diffi- 
culties attending  the  assumption  that  the  sun  is  a  eooUng 
1>oily;  for,  supposing  it  to  possess  even  the  higli  ^pcrific^ 
bi-at  of  wator,  its  temperaturo  would  (all  l^.OOO'  in  5,000 
vcartL  He  finally  concludea  that  liie  light  and  heat  of 
the  sun  are  maintained  by  the  constant  impact  of  m«t«<irio 
matter.  1  never  ventured  an  opinion  as  to  the  accuracy 
of  this  theory ;  (hat  is  a  question  which  m&y  still  ha^'e  to 
be  fought  out.  But  I  refer  to  it  as  an  iliustralion  of  the 
force  of  genius,  with  which  Mayer  followed  the  mecbanicBl 
Ihrary  of  heat  Uirotigh  all  its  npplicntions.  Whether  the 
miitporic  theory  be  a  matter  of  fact  or  not,  with  htm 
abides  tbe  honour  of  proving  to  demonatratjon  that  tlw 
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■<  uid  beat  of  suns  and  Am  mag  be  oritpnaU-d  und 
itaiiRsl  by  the  collisions  of  cold  ploiMHar^  routliT. 
lit  in  the.  man  who  wiUi  tlw  scnnUest  dataoould  occom* 
all  tbin  in  aix  short  years,  and  in  the  hours  snatched 
I  tbe  dntiea  of  an  arduous  profMaion,  that  the  Koyal 
S(mcty,  in  1871,  crowned  with  its  highest  honour.    Dr. 
fift  hod  never  prvviotinly  rccvivi^  any  mark  of  itxog- 

froin  the  Society, 
t  Comparing  this  brief  liistory  with  that  of  tbe  Copley 
st  of  1870,  the  differentiating  influence  of '  environ- 
tnent,'  on  two  toinda  of  similar  natural  cart  and  «tidow- 
nwntf  comes  out  in  an  instructive  manncK  ^Vitlidmwn 
from  mechanical  appliances,  Mayer  fell  back  upon  n-ft^ro- 
tioa,  selecting  with  nuurdlous  c«gsoity,  from  «^ii»tin|f 
pliy«ical  data,  the  tingle  result  on  which  sould  be  founded 
a  calculation  of  tba  mechanical  equivalent  of  heat.  In 
tlie  midst  of  mecbaoical  appliances,  Joule  resorted  to  ex- 
periment, and  l&id  tbo  broad  and  firm  foundation  which 
bas  secured  for  tbe  mechanical  tlieory  tbo  acceptance  it 
now  enjoys.  A  grcAt  portion  of  JouIe*s  time  was  occupied 
in  actual  roanipuhition;  freed  from  this,  Mayer  had  time 
to  follow  the  tlieory  into  its  most  abtrusc  and  impres- 
sive applications.  With  their  places  rcvenred,  however, 
Joule  might  liavc  booome  SXayej-,  and  Mayer  might  hwm 
become  Joule. 

It  does  not  lie  in  tbe  way  of  these  brief  artides  to 
CDtef  npoQ  the  great  developments  of  tbe  Dynamical 
Theory,  accomplished  since  Joulo  and  Mayor  oiecut«d 
Ibeir  memorable  hibours. 
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ElEM£.VTAtiy  MAOySTISU. 

t.   UCTDKB  TU  ecBOOIJUaiBB*. 

.  hftve  no  reason  xa  believe  that  th«  ahccp  or  (bt 
dog,  or  indeed  an;  of  the  luvrer  animiUg,  fwl  n 
interest  io  the  laws  l>j  which  natural  phonomciui  sre  regu- 
lated.    A  herd  ma;  be  territicd  by  o  IhuRdfT-Htorm  ;  \Mf 
niaj  go  to  roost,  and  catUo  rcturo  U>  their  aUlU,  durinjc  • 
milir  euUp«e ;  but  neither  birds  nor  caltJe,  as  far  as  we 
IcQOW,  ever  thiuk  of  cu<iuiring  into  the  causes  of  tlxK 
things.      It  ia  otherwise  with  man.    The   prewnce  if 
natural    objeot4,  the   octnirrenco    of  natural    eventa,  tb« 
varied  appearances  of  the  universe  in  which  he   dwelbi' 
penettate  beyond  bis  orgaus  of  Bcn«,  and  appeal  to  m 
inner  power  of  which  the  »cn«e*  an)  the  iner«  inntminenM 
and  excitants.     No  fiict  E«  to  him  either  final  or  origioiL 
He  cannot  limit  himseU  to  the  contemplation  of  it  alane, 
but  endeavoitra  to  awici'tain  its  position  in  a  series  to  whi 
the  constitution  of  bis  mind  aesoros  lum  it  must  belong 
He  rcgarxU  all  tliat  be  witneMM  in  the  pr««ont  as  Uii 
efflux  tad  lequenco  of  something  that  has  gone  before 
and  as  the  source  of  a  vyntcm  of  events  which  is  to  folb' 
Tlie  notion  of  «pant«oeil;i  b;  which  in  his  ruder  state 
Lftcoountod  for  natural  events,  is  abandoned  ;  tho  idea  t1: 
nature  is  an  aggregate  of  independent  ports  also  dissj: 
poars,  as  the  ooonection  and  mutual  dependence  of  phv- 
sieal  [Mwcrs  become  more  and  more  m«iife«t :  until  he  i* 
finally  led,  and  that  cliicfly  bv  the  scicnoo  of  which 
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thu  evening  to  be  llic  oxpoDcnC,  to  rc^n]  Xiiture 

«n  organic  whole— as  *  body  each  of  whiKM)  inenibefs 

paUiities  with  the  rest,  changing,  it  is  true,  from  age 

Bg<j,  Imt  without  one  real  break  of  continuity,  or  a  single 

erruption  of  the  l)xo<I  ri'Ialion  of  cause  and  effect. 

The  eyetem  of  things  vkicb  wc  call  Nature  ia,  hovr- 

\  too  vast  and  various  to  be  studied  first-hand  hy  any 

io  roiod.      As  knowVdgu  extends  tfacro  Is  alwajs  a 

icy  to  Bubdiride  the   field  of  invevtigntion.     It« 

lotta  puts  are  taken  up  by  dilTercnt  individualit,  and 

receive  a  greater  amount  of  attention  than  could 

ibly  be  iKstowed  on  tbem  if  each  investigator  aimed 

stt-he  mastery  of  the  whole.     East,  weiit,  north,  and  «o»th, 

thcfaiinian  mindpusbes  it«  conquests;  but  the  centrifugal 

funn  in  which  knowledge,  o«  a  wfaotc,  advances,  spreading 

ever  wider  on  all  sideM,  is  duo  in  reality  to  the  exertions 

of  iudtvi<Iua]j(,«ach  of  whom  directa  Iim  efforts,  more  or 

Ins,  along  a  tingle  line.     Accepting,  in  many  rcvpoctd, 

his  culture  from  his  felIoir-me4> — (akinff  it  from  spoken 

^Mrdii  and  from  written  books,  in  some  one  direction,  the 

^^pdent  of  Nature  tnu«t  actually  touclt  his  work.    lie  may 

'  uUierwise  bo  a  di^tribiilor  of  knowledge,  but  not  a  creator^ 

and  be  fuils  to  ul  titin  that  vitality  of  thought,  and  correct- 

nesa  of  judgment,  which  direct  and  habitual  contact  with 

natural  tjuth  can  alone  impart. 

One  lar^  department  of  the  tyslom  of  Nature  which 
rnmu  thi!  chief  subjuct  of  my  own  studies,  and  to  which 
ti  is  my  duty  to  call  your  attention  this  evening,  ia  that 
of  pbyaica,  or  natural  philosophy.  This  term  is  large 
enough  to  cover  the  study  of  Nature  generally,  but  it  is 
onially  restricted  to  a  dcportiDcnt  which,  perhaps,  lies 
doBor  to  DUr  perception*  than  any  other.  It  th-al:*  with 
Ibe  pheoomiTna  and  lawa  of  light  and  heal — witli  the 
omena  and  laws  of  magDotism  and  electricity — with 
of  sound — with  tlio  provurcs  and  motions  of  liquids 
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Mid  g»at»,  vbetlHr  in  s  state  of  bmaiUtioii  or  of  intdiib* 
tioo.    Titt  acMiKa  nf  tnoduuiiei  U  a  portion  of  wtttn) 
yhOMopbj,  liMMgli  Ml  prownt  m  brgt>  m  to  need  the  ei- 
elitrire  aUeptJoa   of  Iiim   who  wucild   mllivate  U  pto- 
ibandlj.     AsUmotQf  is  the  aj^liration  of  pti;«ica  to  tfai« 
moUoDB  of  tbp  bcsTcnly  bodice,  tho  rutoem  of  tbe  fifli 
mttbg  it,  inamvitT,  to  be  irgarded  u  a  depvti&etit  in  il- 
•eUl     la  ebembtr;  ptijdnl  agdtte  plar  important  j^tU. 
By  htat  end  ligbt  we  cause  bodies  to  eomhttH^,  and  hy  btnt 
and  light  we  deeompoBB  tfaem.     EWtridly  tram  a»iiti<!«r 
the  locked  atonu  ot  compouods.     Through  their  p<nrec 
of  sepomtiDf;  caHxiDtc  acid   into  ite  coiutituenU,   ti 
volar  bnnu  buJld  up  thi^  wl)i>1r  vr^ablc  wortd,  and  b; 
tho  animal  world.      TUo  touch  uf  the  self-canio  beena 
ounea  hjdrogra  and  chlorine  to  unite  with  suddvn  exfdo- 
aion,  aod  to  form  by  their  combination  a  powerful  Aciii^ 
Thu*  pbyvtoB  and  ch<:iai«ti7  intermingle.     Phyaical  egeot^^ 
are,  however,  emplcTed  by  tho  chemist  aa  a  means  to  n 
end ;  while  in  physica  proper  the  law*  and  pbeoomena 
the  agentd  themeelvea.  both  qualitative  and  quantitati 
are  the  primary  objccu  of  attention. 

My  duty  liere  to-ni^it  is  to  spend  an  hour  in  tt^Uing  bo» 
the  subject  of  mognvtiMm  is  to  be  studied,  and  how  a  know- 
\edgo  of  it  is  to  be  imjiarted  to  others.   Whrn  Grst  inrited 
to  do  this,  I  hesitatvd  before  accepting  the  re«pon£ibili 
It  woidd  bo  easy  to  entertain  you  with  an  ftocounl  of  w 
luiUtral  pl)ilo«opby  baa  accomplishod.     I  miffht  point 
those  appUcationK  of  scivnoe  r^arding  which  we  hear  w» 
much  in  the  newspapers,  and  which  we  oftt^n  find  tnistat:' 
for  tcienoc  itoelf.     I  might,  of  course,  ring  eliangca  on  tli 
^team^ngine  and  tbc  telei^pb,  the  electrotype  ntul 
photograph,  the  nWtcal  applicntions  of  physica,  and  tl 
million  other  inl'Hd  by  which  fcioutitic  (hmight  filter*  bii 
]>ractics]  lifo.     Thltwuuld  be  raity  eumpttrod  with  the 
of  informing  you  how  you  are  to  maketbe  study  of  phyai 
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dw  iutftrunuiit  of  jour  own  cultura ;  bow  you  are  bo  ponrsi 
ita  f&eU  Dn<]  inaiice  Uirin  living  fn:t>''.»  which  uliiill  lake  root 
tad  grow  id  the  miiul,  and  oot  lie  liko  d«ad  lumWr  in  the 
■tordrause  of  memory.  'Vhia  is  a  task  much  heavier  than 
tb«  mere  cataloguing  of  scientific  zcbiovemcnte ;  and  it  is 
one  wbich,  feuUng  my  own  wnut  of  time  and  power  to 
excctit«  it  aright,  1  might  well  be^iitato  to  accttpt.. 

But  Jet  me  (ink  t^xcuaei,  and  attack  the  work  to  Uie 
best  of  my  abUi^.  First  and  £3remo8t,  then,  I  would 
advise  you  to  get  a  knowledge  of  facts  from  actual  observ- 
ation. Facts  looked  at  directly  are  vital ;  wlifii  tliey 
paai  into  word*  half  the  Hp  ia  tukvn  out  of  them.  You 
wish,  for  example,  to  get  a  knowhti-lge  of  inagnetiHm ;  well, 
provide  yourself  with  a  good  bimk  on  the  subjeot,  if  you 
can,  but  do  not  be  coutent  with  what  the  book  telis  yon ; 
do  not  be  eatisSed  with  its  descriptive  woodcnta;  see  the 
operation  of  tbe  force  jourmtlf.  Half  of  our  book  writer* 
dMcribo  «xp<;rimeiit«  which  they  never  made,  and  Ihetr 
descriptions  often  lack  bulh  foioe  and  trutli ;  but,  do  nuittir 
how  clever  or  oonscientious  they  may  be,  their  writteQ  woids 
(mnDot  supply  the  place  of  actual  observation.  Every  fiiet 
Itad  uumerom  radiations,  which  are  ehom  off  by  the  man 
who  describes  it.  Go,  then,  to  a  philosophicul  instrument 
noker,  and  give,  aocording  (o  your  means,  for  a  straiglit 
tar-magnet,  nay,  liiiir-a.«rewii,  or,  if  you  can  afford  it, 
£ro  ihiUingB  for  a  pair  of  them ;  or  get  a  nniib  to  cut  n 
hmgth  of  ten  inches  from  a  bar  of  steel  an  inch  wide  and 
half  an  inch  thick  ;  file  its  ends  decently,  harden  it,  and 
KeL  somebody  like  myself  to  m.-ignctise  it.  Two  hsr- 
uagneta  are  better  itiau  one.  Procure  some  rlaming" 
needles  oicb  aa  thette.  Provide  juuntelf  alao  with  a  little 
■mspun  silk,  wliich  will  give  yon  a  suspending  fibre  void  of 
tonion;  make  a  little  loop  of  paper,  or  of  wire,  and 
attoi-'h  yotir  fibre  to  it.  Do  it  neatly.  In  the  loop  place 
your  damisg-ooedle,  and  bring  the  two  ends  or  poles,  as 


nuQHEns  or  kikck. 


U>c7  sre  called*  of  yma  nsgnct  suceasively  up  lo  «jtto 
end  of  the  Modle.     Both  the  pole;,  jxra  fiod,  allnct  hrth 
lof  tfaenmdlc  Rcjiiue  Uto  n^nllv  by  a  bit  of  anBHloi 
''iron  wjre;  Utemna  (fecta  eMue.     SixpnoiJ  BoccMriTclT 
littk  roili  of  lead,  eoppet,  nlver,  or  bnu«,  of  wuod,  gkw. 
ivory,  or  wbalebone;  the  magnet  priiduceinnecndblceiTM 
upon  any  of  tbeae  mbcfanees.     Vou  thenw  inter  a  tperal 
property  in  the  cow  of  fieel  and  inm.     Multiply  ram 
experiment*,  however,  and  yoti  will  find  tbat  wtne  otbn 
aubrtances  bMidn  iron.  An:  acted  upon  by  your  raajfiict. 
A.  rod  of  the  metal  ulukcl,  or  of  the  mrtiU  cobslt,  frm 
which  the  blutt  colour  used  by  painUtn  in  dctrired.  ezhiliUs 
jtowcn  tinular  to  tbow  obaerved  with  the  irun  and  ntctrL 

In  studying  tbo  cbamcler  of  the  force  you  may, 
ever,  confine  yonmlf  to  iron  and  ateel,  which  are  aim; 
at   hand.    Slake  your   ezperimentii   with   the    dsraiug-' 
needle  over  and  over  agitln  :  operate  on  both  ends  of  Ih^ 
noodle;  try  bolh  mtit  at  t)ie  mi^net.     Do  not  tbink  t 
work  ftupid ;  you  are  oonvernng  with  Nature,  and  m' 
acquire  a  certain  g^noe  and  maiH^Ty  uvrr  her  lon^iaafe 
and  tliese  practice  can  alone  impart.     Let  every  mo' 
meat  be  made  with  rare,  and  avoid  slovenlinwa  from 
oat«ot.     In  ovnrjr  one  of  your  experiments  endeavour 
feel  tJie  rMponsibility  of  a  moral  agent.     Experiment,  M 
I  have  BBJd,  is  tlie  language  by  wiiich  wr.  address  Natorf^ 
and  Uuuugfa  which  el>o  st-ndii  lier  r«■pli<^s;  in  tlte  use 
tltia  languagw  a  laok  of  straightforwardnen  ui  as  poea 
and  OK  prejudicial,  as  in  tbe  Kpok<-ii  Inn-niagc  of  the  toD; 
If  you   wish   to   become  ac(|UiLint<^(l  with  the   truth 
Nature,  yon  must  firom  the  fint  resulre  to  deal  with  ber 
rinoertly. 

Now  remoTu  your  needle  Irom  ita  loop,  and  draw 
from  end  to  end  alon^  one  of  tbe  eoda  of  the  mngn 
n-«iupond  it,  and  repeal  yonr  former  eiperimrnt. 
tiiid  till-  r«ull   different.     Vou  DOW  find  that   eii<?h 
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tninitj  of  the  ma^et  attracte  one  end  of  tlie  Dccdlc^  and 
Kpeli  Um)  othor.  The  simple  attraction,  obccrvcd  io  the 
Gntt  instano*^,  is  dow  replaced  by  a  dual  force.  Repeat 
the  experiment  till  you  have  tlioroiighly  olaerTed  the  ends 
which  attract  and  tlioid  which  repel  each  other. 

Withdraw  tho  ma^uet  entirely  from  the  vicinity  of 
your  ncx-dlc,  and  leave  the  latt«r  freely  anspondcd  by  tt« 
fibre,  ^belter  it  m  ircU  as  you  can  from  currents  of  air, 
and  if  yoit  have  iron  button*  oa  your  ooat,  or  a  stevl  pen- 
knife in  ymir  pocket,  beware  of  thefr  m:tion.  If  you  work 
at  nigtit,  U'ware  of  iron  candlesticks,  or  of  brass  ones 
with  iron  rods  insidtt.  Freed  from  Kuoh  diRturhanoea,  tJte 
De«dle  \akei  up  a  certain  detoriniuate  position.  It  set* 
its  length  nearly  north  and  south.  Draw  it  aside  from 
this  position  and  lei  it  go.  After  several  o»;ilIations  it 
will  afpun  come  to  it.  If  you  have  obtained  your  magnet 
from  a  philosophical  instrument  maker,  you  will  seo  a 
mark  on  one  of  its  ends.  Supposing,  then,  that  you  drew 
yoor  needle  along  the  cud  Uius  marked,  and  th^  the  eye* 
cod  of  your  nredlu  na:!  the  fast  to  quit  the  magnet,  you 
will  6nd  that  tho  eye  turns  to  the  south,  the  point  of  tbe 
needle  turning  towards  the  north.  Make  sure  of  this, 
and  do  not  take  the  statement  on  my  aiitlioritr. 

Nuvr  take  a  second  daming-nccdlo  like  flie  firtt,  and 
magnetise  it  in  precisely  the  same  manner :  freely  sii*> 
pended  it  also  will  turn  its  point  to  the  north  and  ita  eye 
to  the  south.  Vour  next  step  is  to  examine  tbe  action  uf 
lbs  tvo  nccjlos  which  you  have  thus  magnetised  njtoii 
each  other. 

Take  (UiQ  nf  tbcm  in  your  hand,  and  leave  the  otbei 
ttupeoded ;  bring  the  eyc<-nd  of  the  former  near  tlie  eye- 
end  of  tbe  latter;  tlie  sunjunulcd  needle  retreats:  it  ia 
repelled.  Make  the  same  aiperimetit  with  the  two  points; 
you  obtain  tho  same  result,  the  suspended  De«llo  is  ra- 
pellod.    Now  cause  the  dissimilar  ends  to  act  on  each 


ltt«fedliei«- 

I,  *>   u  U  frt 
Liibboa,aBd  farm 
StBpead  it; 
iLeocMiJi.    This  tturfced 
iMaDfldtbeturtli  poU.    U 
lit  wiU  becun- 
pab  yaoneK  uul  la  nuuk 
bjr  cUHOK 
ttoattnK  mad  mpA  yvat 
I J  ft  ii  i|Bim  coapetcBt  to  do  w.    in  mf^ 
tte  Mifc,  I  hMC  i^pHed  tKa  qm-md  lo  ia 
to^vfc  Asaa^ideBd^rAeniigMt;  that 
of  tlf  niwdb  ii»  loqlh  pafa.     Tlw  and  whk^  Isrt  qioi 
i—gn^'  >*  alnrt  oppoaed  ia  paUritj  to  Uie  end 
'  mgnec  with  wt^eh  it  has  been  in  contact.     Brat^bl 
DMT  eaoh  other  lh«7  mutnsUy  attnct,  and  thm  demoa- 
(ttate  tliat  tfaej  are  tmlike  polca. 

You  ma;  pertape  leain  all  tius  in  a  singfle  hour 

■ftroiml  at  it,  if  dooc^ut  ;  and  mnembH-,  n 

ndiot;  it  ii  not  tofiieioat :  jon  mvtt  obtain  a  mani 

^HfiliUido    ID   addreaiing  Naturr.     If  voa  tpcak  to 

fttUow-uuo  yoa  are  not  entitled   to   use  jaTgon,    Bad 

«iperitDent«  ara  jargon  addreased  to  KaUuv,  and  jt*t  at 

tntich  to  b«  depreoated.    A  manual  dexterity  {a  illtntiat- 
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iog  the  iat«Tactiou  of  magnetic  polce  is  of  Uw  utmiNt 
impoitanoc  at  this  sUgo  of  jour  progress ;  and  7011  most 
tiot  nrglect  aUaiiuog  tlu«  power  over  j'our  implemenU. 
As  ^u  prooeed,  moreover,  you  will  bo  tenapted  to  do 
mote  tlian  I  eon  poMibly  mi^fwU  Thou^hU  will  occur 
to  you  whidi  50U  will  endeavour  to  follow  out ;  que«tiom 
will  arira  wbicb  jrou  will  try  to  answer.  The  same 
flxptrrimfint  coay  bo  twenty  thinj^a  to  twenty  people 
Having  witnessed  the  action  of  pole  on  pole,  through  tlie 
air,  you  will  perhupa  tiy  whether  the  magnetio  power 
ia  not  to  he  tureened  off.  You  use  platea  of  glass,  wood, 
ilate,  pasteboard,  or  gutta-percha,  but  find  them  all 
pervious  to  this  wondrous  force.  One  magnetic  pole 
acta  npon  anotlier  through  those  bodies  as  if  they  were 
not  pTBMiut.  And  »huuld  you  become  a  putentvo  for  the 
regulatioa  of  ships*  compoKces,  you  will  not  fall,  aa  some 
pr^cctor)  have  done,  into  (he  error  of  Boreening  oGT  the 
magoetism  of  Uie  ship  by  the  interpositiun  of  siicli  sub- 
oianeei. 

If  you  wish  to  teach  a  cUsa  you  must  contrive  Uiat  tht^ 
effects  which  yon  have  thus  fiu-  witnessed  for  yourself 
shall  bo  witnessed  by  twenty  or  thirty  pupils.  And  here 
your  private  ingenuity  inust  come  into  play.  You  will 
attach  bit4  of  paper  to  your  needlea,  ao  as  to  render  their 
moTementa  visible  at  a  distance,  denoting  the  north  and 
south  poles  by  different  cotoiua,  say  green  and  red.  You 
may  also  improve  upon  your  darning-needle.  Take  a 
strip  of  sheet  steal — the  rib  of  a  lady's  stays  will  answer — 
hcttt  it  to  vivid  redness  and  jjliiuge  it  into  cold  water. 
It  is  thereby  hardened ;  rendered,  in  Eovt,  almost  as  brittle 
as  glass.  Six  inches  of  this,  magnetised  in  the  manner  of 
the  danuDg^needle,  will  be  bett«r  able  to  carry  your 
paper  iodexes.  Having  secured  such  a  strip,  you  proceed 
tba3^— 

Magnetise  a  small  sewing-needle  and  dctermioe  its 
IS 
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poles ;  or,  bresk  half  an  inch,  or  an  inch,  off  jrour  nugnrt- 
ised  daming-De^e  and  suspend  it  by  n  fine  iiillc  fibre. 
The  8ewuig>iicedle,  or  the  fragment  of  the  daroing-needfe, 
is  now  to  be  used  as  a  tcst-nc-edlc,  to  cnamine  tlte  distri- 
Ixition  of  th«  nvngnHixm  in  your  strip  of  st«e1.  BoU 
th«  strip  upright  in  jour  left  hand,  and  cause  the  t«t- 
Deedlo  to  approach  the  lower  end  of  your  strip ;  ono  end 
is  attjucted,  the  oilier  ie  repelled.  Raise  your  noedle 
along  the  strip ;  its  oscillatioos,  which  at  first  wrre  quick, 
bccomo  elowor ;  oppocito  the  middle  of  tjio  strip  thoy 
ceoeo  entirely;  neither  ond  of  the  neodla  is  attntcted; 
abore  the  middlo  the  tecUocodle  tonu  aoddeoly  round, 
iu  other  end  being  aow  attracted.  Go  through  the 
experiment  tboroogbly;  you  thus  learn  that  the  eotiro 
lower  half  of  the  strip  altmcts  one  end  of  the  needle, 
while  the  entire  upper  half  attracta  tbe  opposite  ad. 
Supposing  the  nnrtfa  end  of  your  little  needle  to  be  tliat 
attracted  Urlow,  you  infer  that  the  entire  lower  half  ot 
your  magnetised  strip  exhibits  south  magnetiiai,  whilr 
the  entire  upper  half  uhibiU  north  mugnetism.  So  fa, 
then,  you  have  detcriniDcd  the  dii4ributioo  of  aagiittim 
in  your  strip  of  steeL 

You  look  at  this  fact,  yon  think  of  it ;  in  its  snggn*- 
ivenecs  the  ralue  of  an  experiment  chiefly  ennsirts.  Tbe 
thought  arises :  *  Uliat  will  occur  if  I  break  my  strip «' 
tteti  aaoaa  in  the  ntiddle  ?  Shall  1  obtnin  two  magucb 
each  possessing  a  single  pole?'  Try  the  experiraeat; 
break  your  strip  of  stccI,  and  lest  each  half  aa  you  tested 
the  wbolct.  Tbe  mere  preacntation  of  its  two  ends  in 
succession  to  your  t««t-oeedl«,  suffices  to  show  that 
have  not  a  magnet  with  a  single  pole — tliat  eodi 
posM«K4  two  poles  with  a  neutral  point  betwrtrn  tl 
And  if  yoti  again  hrcnk  the  half  into  two  otlxsr  kilv 
you  will  find  that  eacli  quarter  of  tbo  original 
uhibist  precisely  the  tanM  tnagnetio  dtstribatioD  a 
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ip  itself,  ^'oii  may  continu*  the  breaking  proceM : 
nutter  bow  eniaU  your  &a^cnt  may  be,  it  still 
I  two  opposite  p<4es  and  a  neutral  point  betweeo 
tlitrm.  Well,  your  hsnd  ceases  to  l>r«ak  where  breakinj;^ 
becomes  m  mechanival  imp(Ksibility ;  but  does  the  mind 
stop  tlierc?  No :  you  follow  (he  breaking  process  in  idea 
wtmn  yon  can  no  looger  realise  it  in  fact ;  ymir  thoiight« 
irand<tf  amid  the  vcty  atom.'i  of  your  «tA«l|  mod  you  con- 
dude  that  each  atom  ii  a  magnet,  and  that  the  ron*e 
exerted  by  the  strip  of  steel  is  the  mere  summation,  or 
restdlant,  of  the  forces  of  its  ultimate  particles. 

Here,  thru,  is  an  exhibition  of  power  which  we  can 
call  forth  at  pleasure  or  cause  to  disappear.  We  mag- 
netise our  strip  of  (teel  by  drawing;  it  along  the  pole  of  a 
matcDet ;  we  c;in  <lemagoetise  it,  or  reverite  its  magnetiam, 
liy  properly  drawing  it  along  the  same  pole  in  the  opp»- 
si(«  direction.  \Vhat,  then,  is  the  real  nature  of  tJiis 
woniJrous  change?  What  is  it  that  takes  place  among 
the  atoms  of  the  steel  when  the  substance  is  magnetised  ? 
The  question  teada  us  beyond  the  region  of  sense,  and 
Into  that  of  imagination.  This  faculty,  indocd,  is  the 
divining-rod  of  the  man  of  fcicooc.  Hot,  however,  an 
imagination  which  cntehes  it:i  creations  from  the  air,  but 
one  itifbrmed  and  insptred  by  facts;  capable  of  Ktdng 
firmly  on  a  physical  image  as  a  principle,  of  discerning 
itM  consequences,  and  of  devi>iing  means  whereby  tlie«e 
forecasts  of  thought  may  be  brought  to  an  experimentnl 
test.  If  snob  a  principle  be  adequate  to  account  for  alt 
tbe  pbrnnmma — if  from  an  assumed  cause  the  ohserve<t 
aels  ncceoorily  follow,  wc  coll  the  assumption  u  theory, 
and,  ODoe  poasessing  it,  we  can  not  only  revive  at  pleasure 
beta  already  known,  but  we  can  predict  others  which  wc 
have  never  seen.  Thus,  then,  in  t)ie  proxeoution  of 
physical  science,  our  powers  of  observation,  memory, 
imagination,   and   inference,  are  all   drawn   upon.     Wv 
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re  facts   and  store   tticm   up;   imngiiution  bTOoJi 
'vpoa  these  memorie*,  uid  h^  tbc  aid  of  nuuoii  tni»  U 
discern  Uieir  iotordcpendi^ce.     The  tbeoroUo  priocaplc 
or  hIuwIj  dawns  upon  tbo  mind;  and  then  tlie 
^deducttre  faculty  interposes  to  ixiry  out  the  principle  to 
its  logical  conseqacDcetb     A  perfect  tbeory  gtvca  dominioii 
natural  fiicU;  and  evco  as  a«EtuDptioa  which  cui 
^onlj  partiftUy  stand   (Jm  test  of  a  compurisan  with  belt, 
inii;  btt  of  vtaioent  um  in  enuliling  u»  ti>  connect  sad 
■iff  groups  of  ]>benomen&.     The  theory  of  magnetic 
[fluid*  U  of  this  latter  character,  and  with  It  wo  must  no* 
Ice  onrselvw  familiar. 
With  the  Tiovr  of  Ktamping  the  thing  more  finnly  oo 
y<mr  mindK,  I  will  make  um  of  a  utrong  and  vivid  image- 
In    optics,    red   and    gr«en    ore   called    cowplcmcntafy 
colouni ;  their  mixture  produoea  tvhUs.    Mow  I  aak  yov 
to  iRU4pne  each  of  those  colours  to  poswss  a  self-repulaiT« 
]K>wer  ;  tli«t  rud  rcpoU  rod,  aud  that  ^rccn  repels  preen : 
but  thai  red  attracts  grtva  and  grc«a  attmcbi  rvl,  llie 
I  tittmctjon  of  tlte  difsimilor  colours  being  e^ual  to  Ibe 
'tepiilniou  of  the  similar  ones.     Imagiue  Uie  two  rolonis 
mixed  so  as  to  produce  white,  and  suppose  two  «tiip(  of 
painted  witli  thin  white ;  what  will  bo  their  action 
ppon  each  other  ?     Siw[)«nd  turn  uf  tlieni  freely  as  m 
aded  our  damin^needle,  and  Iidng  the  oth«ir  nw 
it ;  what  will  occur  ?    Tb«  red  oomponont  of  the  strip 
you  huld  in  your  liand  will  ntpul  Ihi-  rn]  component  of 
your  tuiipeDde<l  strip ;  but  tlien  it  will  attmiH;  tlw  green, 
and,  the  forces  buing  eijual,  they  ntutrali«e  c«cb  othrr. 
in  fact,  Ibe  least  rcflictton  shows  you   that  tlw   ti-iij^ 
will  be  as  iudiffurcnt  to  each,  other  as  two  uamagnet 
ag-noedles  would  be  uudi^r  llic  Muno  circuniBtances. 
llut  suppose,  instead  of  mixing  (he  colmtn,  we  paint 
one  half  of  each  strip  from  centre  to  end  rod,  and  tha 
oUier  half  gr«.-n,  it  is  perfectly  manifest  that  tbe  tw| 
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Kps  would  DOW  bebare  towards  eacb  oUicr  exact!}-  aa 
our  two  magn«tise<l  dorniiig-oeedles — tbe  led  end  would 
repel  llic  rod  and  aUract  Uie  grcoD,  tbo  green  would  repel 
LAb  grcvii  luid  Kttiaot  the  red;  so  tliut,  assuming  two 
Hl^urs  tlitu  n-iiitt^  to  vucli  ottivr,  wc  could  by  (huir 
mixture  produce  the  nuutralitf  of  no  unmagnclised  bodj, 
while  b;  tbeir  Be{»ratioD  we  could  produce  the  doalit;  of 

K-~'ioD  o(  mflgn«tiMd  bodies. 
Bat  jrou  have  already  aiiticipat«d  a  defect  in  my  con- 
dition;  for  if  we  break  one  of  our  Etrips  of  wood  in  the 
^aiddl«  we   have  oue   bulf  entirely  ri-d,  und  tiie  Other 
HjUrely  green,  and  with  the««  it  would  be  iinposflible  to 
Tnailate  the  aeiiou  of  our  broken  inagnot.     How,  then, 
mnet  we  modify  our  conception  ?     We   must  evidently 
suppose  Mch  moUcule  of  tcoo<t  painted  greon  on  one  faoe 
and  red  on  the  opposite  one.      The  resultant  action  of 
all    the   atonu  woiilij  tlicn   exactly   roscmblo  the  action 
of  a  Diagnct.     Hero  al»o,  if  the  two  opponto  colours  of 
rach  atom  rould  be  csusmI  to  mix  so  as  to  produce  white, 

R  should  hate,  as  before,  perfect  neutrality. 
For  these  two  self-repellent  and  mutually  atti-acUve 
ours,  sulietitute  in  your  minda  two  invisible  self-repcUent 
I  mutually  attntcUro  fluids,  which  in  ordinary  steel  are 
Diixcd  to  form  a  neutral  compound,  but  which  the  act  of 
maGDotijntioQ  separates  from  each  other,  placing  the  op- 
ite  duids  on  the  ogipoiiite  faces  of  each  molecule.  You 
re  then  a  perfectly  diBtinct  conception  of  the  cclebmtod 
of  magnetic  fluids.  The  strength  of  the  magnetism 
ited  is  supposed  to  he  proportional  to  Uie  quantity  of 
iitral  fluid  decomposed.  According  to  this  theory 
thing  is  actually  tnLnsfvrred  from  the  exciting  magnet 
the  excited  steeL  The  act  of  iniign<;ti*ation  consUta  in 
t)ie  forcible  separation  of  two  fluida  which  existed  in 
(be  steel  before  it  was  majptctised,  but  which  then 
nentralisrd  caeb  oilier  by  their  coalcK'encc.     And  if  you 
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teat  yaai  magnrt,  afier  A  bai  ODBtted  •  bmidnd  pieow  of 
■toel,  yoa  will  Bod  ttaat  it  fcM  lort  no  fivce— no  man, 
iadevd,  than  I  eboold  Imr,  bad  mj  words  focfa  a  wafoMa 
influcnoe  >m  ;ixtr  miikda  at  to  exdte  to  tbem  a  ctitHif 
raalf  6  to  •todf  natotal  pfaikMOpl]/.  I  Auold  mthet  W 
the  gainer  hy  my  own  utterance,  and  hy  tlie  teMtton  of 
jow  Etieogtli.  Tbe  amgtimt  iIbo  is  (be  gaioer  bj  Ibc 
naction  oT  tbe  body  wbidi  it  magnetlKS. 

Look  now  to  your  excited  piece  of  steel ;  Sgwe  each 
moleciile  witb  its  oppcaed  fioids  spread  orer  ita  offo- 
site  &«es.  How  tan  this  state  of  things  be  pennancnt? 
The  fluid*,  by  hypotbeds,  attract  each  other;  what, 
then,  kecpf  th«m  apart?  Wby  do  tbey  not  iontantly 
rush  together  aerooB  tbe  equator  of  tbe  atotn,  and  thus 
ncutraltse  each  other?  To  nuxl  this  question  pbilo- 
•upben  have  iictm  obliged  to  infer  tbe  existence  of  a 
■pecial  force,  wliicb  holds  the  fluids  asooder.  Tb^  caK 
it  eoereive  force ;  and  it  is  foood  that  those  kind*  of  steel 
which  oScr  most  resistance  to  being  magDetiaed — wbkh 
reqoiro  the grcatertamouDtof 'coercion'  to  tear  their Saidi 
usuoder— are  tho  vaj  once  which  offer  the  greatest  resist- 
ance to  tbo  reunion  of  the  fluiJs,  after  tboy  have  been 
once  Sfparated.  Such  kind*  of  stc«l  am  most  suited  to 
the  formation  of  p«rman«nt  magoeta.  It  is  manifest, 
indeed,  that  without  coercive  force  a  permanaat  tnagoet 
WDuM  Dot  be  at  all  possiblo. 

You  have  not  forgotten,  that  previous  to  magnetising 
your  daniing*oeedIe  both  its  ends  were  attracted  by  your 
iniignet ;  and  that  both  ends  of  your  bit  of  iron  wire  weie 
acted  upon  in  the  nine  way.  Probably  also  long  befon 
i)us  you  will  have  dipped  Uic  cad  of  your  magnet  amoo]; 
iron  filings,  and  obftcrved  how  they  cling  to  it ;  or  into  a 
nail-box,  and  found  huw  It  drags  the  nuiU  aft«r  it.  1  know 
very  well  tliat  if  yon  are  not  the  slaves  of  routioe,  you 
will  hiivc  by  this  time  done  many  things  that  I  have  iwt 
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tu\d  you  to  do,  and  tliug  multiplied  ^ur  expeiience 
lieyoad  what  1  bavo  indicated.  Vou  are  almost  sure  to 
h&Te  caused  a  bit  of  iron  to  h^n^  {rom  the  cod  of  your 
toagoet,  and  you  have  probably  succeeded  in  cnustng  a 
Mcond  piece  to  altacli  itwlf  to  the  fint,  a  third  to  the 
•ceond  t  until  fiimlly  the  forac  lus  bvnomo  too  fet-ble  to 
baar  the  weigbt  of  more.  If  yon  bave  operated  with 
naiU,  you  may  have  nbeerved  that  the  points  and  ed^ea 
bold  together  with  the  greatest  tenacity;  and  that  a 
bit  of  iron  clingM  more  linnly  to  Mm  comer  of  your 
magnet  (ban  to  one  of  it«  flat  attrEaccs.  Id  tlioii, 
you  will  in  all  likelihood  have  euriched  your  expe- 
rience in  many  ways  without  any  special  direction 
&om  me. 

Well,  tbc  magnet  attracta  the  nail,  and  that  nail  attracts 
a  second  one.  This  proves  that  the  nail  in  contact  with 
the  magnet  has  liad  the  magnetic  quality  developed  in  it 
by  that  contact.  If  it  be  witlidmrn  from  tho  magnet  its 
power  to  attract  its  fellow  nail  ceases.  Contact',  however, 
is  not  nocesory.  A  sbe«t  of  glass  or  paper,  or  a  space 
of  air,  may  cxUt  between  the  magnet  and  the  nail ;  the 
latter  i»  still  maguetiwd.  though  not  bo  forcibly  as  when 
ID  actual  contact.  Tlie  imil  thus  preiciilvd  to  the  ma^piet 
Is  itself  a  temporary  magnrt.  Tliat  end  which  is  turned 
towards  the  magnetic  pole  has  the  opjio^ite  maguctigm  of 
the  pole  which  excites  it ;  tbe  end  most  remote  from  tfao 
polo  has  tlio  same  magnet4Bm  as  the  pole  itself,  aitd 
between  the  two  po\c»  the  nail,  Uhe  the  magnet,  possaMea 
a  maguelic  equator. 

Coovenant  as  you  now  are  with  tho  theory  of  magnetic 
Ouids,  you  have  already,  I  doubt  not,  anticipated  mc  iu 
iraafrining  the  exact  condition  of  iron  under  tlie  Influ- 
ence of  tbe  magnet.  You  picture  tho  iron  as  posseuing 
the  neutral  fluid  in  abundance;  you  picture  the  magnetic 
polo,  when  luought  near,  decomposing  the  fluid ;  repell- 
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tag  tbe  Suiil  of  b  like  kind  with  ilseU;  and  sttnutisg 
tl»e  unlike  fluid ;  Uitia  ezdting  in  tbe  parts  t^  tbe  iitni 
netiest  to  itaelf  tiw  oppodte  polarity.  But  tbo  iroa  ii 
nc^mble  of  beeoDUOK  a  pennaneot  mn{;nct.  It  aoij 
■bom  its  Tirtiio  as  long  aa  the  magnet  acts  upon  it. 
Aliat,  then,  6oea  the  iroo  lack  whicli  ibe  *teel  poMeesM^ 
It  lacks  oorrdro  force.  Il«  fluids  are  M'patnted  wttli 
ease ;  but,  eoct)  tbe  wfiwatiag  catise  ie  Temored,  tbe;  flow 
tagetber  again,  and  neutialitjr  is  reetored.  Yotxr  imagiaa- 
tion  mut  be  quite  nimble  is  picturing  tlioeo  diaogei. 
Von  mnct  be  able  to  see  Ibe  Soids  dividing  and  ivtmiting, 
>niiRg  at  the  mBgnl^t  u  brouglit  near  or  withdian. 
Kiu£  a  dvfinite  pol«  in  jour  imagiDatios,  yaa  noft 
pieCiire  the  preelw  arrangement  of  tbe  two  fluids  «itli 
T«frrcnec  to  this  pole.  And  you  must  not  only  be  wcU 
drilled  in  tho  use  of  this  mental  imagery  yourwd^  hut 
you  muat  be  able  to  arouse  tlw  Mttnc  picturrs  in  tba 
minds  of  your  pupils.  You  ought  to  satisiy  younelf  thai 
they  possess  the  power  of  (daciog  magnets  and  iron 
iu  various  positions,  and  describii^;  the  exact  magnetic 
Ktnte  of  tbe  iron  in  each  particular  cnec.  The  meis 
(tusls  of  magnetism  will  have  their  intcre«t  immensely 
sugtDRntvd  by  an  ucqtiaintanoe  with  tliow  bidtlcn  prt»- 
ciples  whereon  the  facts  depcDcL  Still,  while  you  ute 
this  tbcoiy  of  magnetic  fluids,  to  track  out  tbe  pha^H 
meua  and  link  them  to^^ethcr,  bo  mrv  to  tell  your  pl^^^l 
that  it  t*  to  be  regarded  as  a  eymlwl  merrly, — a  vymbol) 
moreover,  which  i»  inmnipcli'nt  to  et>\>r  nil  the  fact*,' 
but  whioh  does  good  practical  st^rvtL-e  whiNt  we  an 
waiting  for  the  aetual  truth. 

'  TbU  tbnir;  limLi  dnwn  whrn  ftpfli«d  ta  ^inMuf^vie  boOu*.  vUA 
«M  NpfllHl  by  mi^ncu.  Lik*  i»(t  una.  Mcb  bodka  us  U^fown  UUh  • 
KaU  of  tnnp-ifjrtrirlMoMnl,  la  inrtnaof  vtiA  tb*}  Ut  rvpoUed',  bit  uf 
■tt*npt  Iu  tipLuo  nKb  ■  rvpiiItteM  hj  ibn  d«NiDparitIiM  «f  a  ftud  »U> 
dMBMHtmU  iu  ovm  («tili^. 
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TIlis  state  of  exAitficaeot  intn  which  the  aiinv.tled  iron 

i«  iJirown  by  the  influunc*  of  the  magnet,  is  sometimoi 

enUed   *  magnetisation  by   influeooe.'    More   oommouly, 

bowervor,  the  magnt'tiKm  is  gnid  to  bo  *  induced  *  ia  tha 

iroD,  and  hence  this  mode  of  magneiiMiig  in  ctillcd  *  mag- 

Dotie   induction.'      Now,  there   it  nothing   theoTeticalty 

pr?rfect  in  Nature  :  there  ifl  no  iron  » siofl  as  not  to  po>^«c« 

a  ceitain  amount  of  coercive  force,  and  no  steel  to  hard  u 

not  to  be  ca|)«ble,  in  ■Dm«  degree,  of  mngn«tic  iodud-ion. 

Th«  quality  of  steel  is  in  som«  mMutiro  [Ki«<«ed  by  iron, 

nod  the  quality  of  iron  is  shared  in  some  degree  by  stool. 

lb  is  in  virtuo  of  ibis  Intt^r  fact  Chat  tbo  immngneti)^ 

daming-wmdli!  ««.■(_ iittracted  in  your  first  experiment; 

and  troni  this  you  may  at  once  deduce  tbe  coR»cqueno6  tbat^ 

afler  the  steel  has  be«n  magnetised,  the  repntsivo  action 

of  a  magnet  must  be  slwaysless  thun  He  attractive  aetion. 

For  the  repuliiion  is  opposed  by  the  inductive  action  oi 

the  magnet  on  tlic  stei-].  while  Die  attraction  is  assisted 

by  th«  same  inductivi'  action.     Make  this  clear  to  yom 

ads,  and  verify  it  by  your  expcrimonls.     Tii  Home  cases 

DO  can  actually  mako  the  attraction  due  to  tliu  temporar} 

>i^ti»m  overbalance  (he  repulsion   due   to   the  per- 

sncnt  magnetinn,  and  tlius  cause  two  poles  of  the  same 

kind  Bppitrcntly  to  attract  each  other.     \Vhei>,  however, 

pnod   hard  magneta  act  on  eflch  other  from  a  «uflicient 

distance,  the  inductive  action  practically  vanishes,  and  the 

repulsion  of  lilto  poira  is  sensibly  equal  to  tho  attraction 

of  unlike  oiH^ 

I  dwell  thus  long  on  elementary  prinolples,  because 
bey  ore  of  liie  Sr«t  importance,  and  it  is  the  temptation 
of  thia  ago  of  unhealthy  cramming  to  neglect  them.   Now 
nlliiw  me  a  little  farthor.     In  exuminiug  lh«  distribution 
magnelii-m  in  your  strip  of  slcel  you  raiiwd  the  ncwdlo 
[>wly  &om  botUMn  to  top,  and  found  what  we  called  a 
atral  point  at  li>e  centre.     Now  doea  the  magnet  really 
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eiert  no  influonoe  on  iho  polo  prcMmUd  to  iLn  centre? 
I^  us  sec. 

Let  9  K,  Bg.  7,  be  our  msgnvt,  and  let  n  repnaent  a 
particle  of  north  magnetism  placed  exactly  opposite  tlie 
middle  of  the  magnet.  Of  couiso  tiiis  is  an  imagtnair 
cas^  as  you  can  never  in  reality  thus  detach  your  north 
magnetism  from  it«  noighbour.  ^\'hal  is  the  action  of  tlie 
two  poli'H  of  (he  mAgn«t  on  n  ?  Your  reply  will  of  coime 
be  that  t)ie  pole 3 attracts nirbile  the  pole X  repels  it.  Let 
the  ma^itude  and  direction  of  the  attraction  bo  expresKd 
by  the  tine  n  m,  and  the  magaitude  and  direction  of  tbe 

Fio.  7. 
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ro|>iiI»ioa  by  the  line  n  o.  Now,  the  piirtick  n  bet 
(^i^uiilly  distant  from  s  and  R,  tliu  line  n  c,  piprcasing  I 
ropul.iitin,  will  be  eK|ual  to  m  n,  which  csprewc*  the 
attraction.  Act«d  upon  by  two  mch  forooA,  th«  p«rtkl« 
n  must  evidently  move  in  the  direction  7)  n,  exact); 
midway  between  m  n  and  n  o.  Henoe  yoa  see  that, 
although  thcro  is  no  tendency  of  the  particle  n  to  n 
towards  the  m.igncfic  equator,  thrrc  is  a  tondcney  on 
part  to  tnovo  |mriiUi-l  to  the  tnngnrt.  If,  inst««d  nf 
jiartide  of  north  magnetism,  we  placed  a  particle  of  nol^ 
nuignetiam  opposite  to  the  magnetic  eqnator.  it  woold 
evidently  bo  urged  along  the  line  n  ? ;  and  \t,  ioflrad  ctf 
two  separate  particles  <\i  magnetism,  we  place  a  llUls 
nuign«tjc  Decdic,  containing  both  nntlh  an<'  "ta;;* 

netino,   opposite  Ifafl  magtiette  (>4)iialiir,  ii-  pok 

being  urged  along  «  f,  and  its  norlh  al^ng  n  j>,  ib*  liu: 
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le  will  be  compelled  to  ect  iUclf  parallel  U>  the 
nu^vt  s  K.  Mnko  ihe  i-xpcriinvnt,  und  »atiitfy  yourselves 
that  thb  is  a  triK  deduction. 

Substitute  for  your  magnetio  needle  a  bit  of  iron  wire, 
devoid  of  ponnauent  magnetiem,  and  it  will  sot  itMlf  t'x- 

\j  «  tbo  neodte  does.  Acted  upon  by  the  magnet,  Lbe 
irc-,  a*  you  kiww, bcooiDM  a  inngn«^t  and  l>v)iav«!i  aa  such; 
it  will,  of  ooiifM-,  turn  its  nwrtli  polo  twwarda  p,  and  south 
pole  towards  q,  juA  like  IIm!  n«edle. 

But  supposing  you  shift  llie  position  of  your  particle  of 
north  raagnetisn),  and  biing  it  neaier  to  ouo  end  of  your 
ma^et  than  to  the  other ;  the  forces  acting  on  ti>o  particle 
are  no  longer  opial ;  tbo  nearest  polo  of  the  magnet  will 
act  more  powerfully  on  tho  particle  than  the  more  distant 
one.  Let  a  x,  fig.  8,  lie  tbo  magiuit,  and  n  the  particle 
of  north  magntU^m,  in  ita  new  position.  Well,  it  is 
lied  by  5,  and  attracted  by  s.     Let  the  repulsion  be 
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ppreeented  in  magnitude  and  direction  by  the  line  n  o, 
sod  the  attraction  by  the  shorter  line  n  m.  I'he  resultant 
of  theMo  iwo  force*  Will  be  found  by  computing  the  par- 
ieli>giaiu  tA7i  op, and  drawing  ita  diagonnl  n  p.  Along 
ip,  tJii-n,  a  partiele  of  north  magnetism  would  be  urged 
the  simultaneous  action  of  sand  ».  Substituting  a 
cle  of  south  magnetism  for  n,  Uie  same  reasoning 
uuld  lead  to  the  conclusion  that  the  particle  would  be 
oloDg  n  ij.  If  we  place  at  n  a  short  mognetia 
ill  north  pole  will  be  uiged  along  n  p,  it*  Moth 
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pole  aiaag  n  71  liio  ooty  poaitjoa  pooaible  lo  tb«  ncvdl", 
thai  uted  oD,  bttiii^  slung  tiie  lioe  p  </,  wMcti  u  bo  Iou^rt 
psnllel  U)  the  magDeL  Verify  this  ijpdoction  I7  achul 
diMrlment. 

In  tbimv  m  tDi{*)it  ttDfutuid  tbenolim  mngtuft ;  a»>I< 
floasidering  iU  tiro  paiet  oa  two  iMDtres  &«Hn  wlileli  tbc 
enansiMs  we  could,  in  accord&iice  vitb  urdinir^ 
niad  prineiplesi,  uai$;ii  ■  dofitiitfi  [lircctjon  to  tbn 
nia^^netic  n«edle  at  erery  partictiUr  place.     And  eubui- 
iting,  w  before,  a  bit  of  iron   wire  for  tho  ma^elia 
,  the  positions  of  UA\i  will  bo  the  same. 
Now,  t  tbink,  without  forthfj-  prefitoe,  ytm  will  be  ivhie 
Llo  comprehend  for  ymirHjltT*,  and  explain  '-       '        .*» 
|«f  tln>  most    inlorpiting  eflV-cU   iji  tlie  whol  ■.!  of 

ip[irtifnt.     IroD  RlinfTs  7<>u  know  are  pArllelesef  innii,fl 
IrnijpiUr  in  »tia]Mv  Wug  longer  in  somodiv  'ban 

in   olhew.     For  tbo  prMcnt  experiment,   m.;-    ,_,   in- 
stead of  iIm  iron  fiUnga,  very  sronll  Bcmpa  of  thin  in-n 
rire  mlgbt  be  employed.     I  pUce  a  sboet  of  pc^er  ovrf 
'tlt^  magnet;  it  ii  all  the  better  if  tho  popf^r  bo  itntelinl 
•HI  a  weodca  fiane,  ac  this  enables  lu  t<i  keep  It  quite 
level.     I  emltcT  tlto  filing  or  Iltt*  itenipe  of  wire,  from  a 
new  upon  tbe  (apcr,  aiid  tap  tbe  latter  pentty,  ao  aa  to 
libemte   the  partioles   for  a   moment  from  ita  frictii 
The  m.i|piet  acta  on  the  filings  ttirougfa  thr^  pnper.  and 
how  it  ornuigee  tbeni  1     Ttwy  tmbrace  t3ui  mngnel.  in 
perics  of  beautiful   ctirren,  whidi  are   technicallj  lallei: 
*  magnetic  enrrca,'  or  *  linee  of  m.i^^tie  force.'    Doei  tb< 
meaning  of  I  hew  linn  jot  Baah  upon   yonP     Set  piu 
magnetic  needle,  or  jwir  suspended  btt  nf  wirri,  at  anr 
[•oinl.  of  one  of  tho  curve*,  and  jou  will  find  tlio  ri 
of  tbe  needle,  or  of  tbe  wire,  (o  be  exactly  tiui   .. 
particle  of  iroo,  or  of  tbe  magnetio  cnrve,  at  the  piiin^ 
Go  round  and  round  the  magnet ;  Ihe  directiun  nf  yoiir 
needle  alwsyn  ooincides  with  the  direction  of  the  oonre 
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on  which  it  is  placed.  These,  tbcB,  are  the  liim  along 
which  a  particle  of  south  tnagnetisai,  if  joa  could  detach 
it,  would  move  to  the  north  pole,  and  a  bit  of  oortb  uag- 
nctism  to  tho  south  pole.  Th<7  are  tho  lines  along  whtdi 
the  dccompotiliuu  of  the  aeulral  Suid  takes  place,  l 
tlie  caste  of  tlie  magnfttio  needle,  one  of  its  |iole«  bei 
urged  in  one  direction,  and  the  other  pole  in  the  opposi' 
direction,  the  needle  must  necessarily  set  it«elf  as  s 
tangent  to  the  curve  I  will  not  seek  to  simplifT  this 
subject  further.  If  there  be  anything  ob*carc  or  coofojcd 
or  incomplete  in  m;  statement,  jou  ought  now,  by  patient 
thought,  to  be  able  to  elear  awa;  the  obacuiit}-,  t«>  rednee 
the  confusion  to  order,  and  to  supply  what  is  needed  lo 
renderthe  eiplanation  complete.  I>o  nolquit  the  iub)eet 
until  you  thoroughly  understand  it;  aud  if  you  are  then 
able  to  look  with  your  mind's  eye  at  the  play  of  forctt 
around  a  magnet,  and  see  distinctly  the  opetatioo  nf  those 
forces  in  the  pro<luction  of  the  magocUc  curves,  the  tiiiM 
which  we  have  spent  together  will  not  have  bc«&  apt-ot  in 
vain. 

In  this  thorough  manner  we  muet  router  our  iuat<.-na! 
reason  upon  them,  and,  by  detcrmiued  study,  attain 
clearness  of  cooccptioD.  Facts  thus  dealt  with  exeicue 
an  «xpan«ve  force  upon  the  boundaries  of  tbongfat; — they 
widen  the  mind  to  gvaeraliwition.  We  KKni  rocoguiss 
a  hrothi-rliood  between  the  laif;er  phcRomena  of  Maton 
and  the  minute  eGTects  which  we  have  ohserred  in  oar 
privat«  chsmbers.  Why,  we  enquire,  does  the  raagmfje 
needle  set  north  and  tcxith  ?  Evidently  it  is  compelled 
to  do  so  by  the  earth  ;  the  grrat  globe  which  wo  inhent 
is  itself  a  magncL  Let  us  leani  a  little  moro  aboot 
it.  By  means  uf  a  bit  of  wax,  or  otherwijw,  attarh  the 
middle  point  of  your  silk  fibre  to  your  magiKlic  Dttdlci 
the  needle  will  thus  be  onioterfered  with  by 
piper  loop,  and  will   enjoy  to  some  extent  a  power 
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*  dipping'  ita  point,  or  its  ejre,  below  the  horizon.  lAy 
y*mT  magnrt  on  a  tabic,  and  bold  tho  needle  over  the 
iii|intor  of  tlie  magnet.  Tho  ncodlc  tots  horizontal. 
Mu\-e  it  towards  the  nortli  end  of  tli«  tnagnot;  tho  (outh 
■od  nf  the  needle  dipd,  the  dip  aiij^tnenting  as  you  nppriMwb 
the  north  pole,  over  which  the  needle,  if  free  to  more, 
will  Mt  it«clf  cxacilj  Tcrlical.  Move  it  back  to  the  centre, 
it  r<!«uin<^  iU  borizontali^:  pats  it  on  towarilM  tho  Mtitb 
)m1i>,  iu  aortb  end  now  dip«,  and  directly  ovur  tbe  »ouUi 
pole  tbe  needle  becoinefl  vertical,  lU  north  end  being  now 
tnmed  downwards.  Tfans  we  [earn  that  on  tbe  one  side 
tho  magnetic  equator  tbe  uortb  end  of  tho  needle 
Ips;  on  tJie  other  side  tbe  fouth  end  dip«,  the  dip  var}'- 
ig  from  nothing  to  dO".  If  vc  go  to  tho  equatorial 
ionif  of  tbe  cnrtb  with  a  suitably  su-ipvnileij  needio  wc 
11  find  there  tlie  ptuition  of  the  noedle  horixontul.  If 
sail  n<Mnh  one  end  of  the  needle  dips ;  if  wa  tail  Mutb 
be  opposite  end  dips ;  and  over  the  north  or  south  terres- 
trial magnetic  pole  the  needle  Bets  vciiical,  Tho  south 
magnetic  pole  has  not  yet  been  found,  but  Sir  Jame*  Row 
discovered  the  north  magnetic  polo  on  June  1,  llDSl.  In 
Ibis  manner  wn  eHtabliah  u  complete  parallelism  lietwecn 
the  action  of  the  earth  and  that  of  an  ordinary  magnet 

Tbe  teneetrial  magnetic  poles  do  not  coincide  with 
tbe  geognphjcal  ones;  nor  doc«  Uio  <.-arth's  magnetJa 
fqnator  quite  coincide  witli  tlie  geographical  equator. 
The  dirtMlion  uf  thn  magnetic  needle  in  Loodon,  which  is 
ealled  tbe  magnetic  meridian,  enelooes  an  angle  of  24* 
with  tJie  true  astronomical  meridian,  this  angle  being 
ealled  the  Declination  of  tho  needle  for  London.  The 
oarth  polo  of  the  needle  now  lies  to  the  west  of  Uw 
true  meridian  ;  Um  declination  is  westerly.  In  Lbe  year 
1660,  however,  the  dr^clinat  inn  was  nothing,  while  before 
that  Utne  it  was  easterly.  All  thii  proves  that  the  earth's 
magnetic  «cnitituents  are  gradually  changing  their  di«- 
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triliuti'in.  Thin  change  is  very  slow ;  it  is  technicatlf 
cnlli-it  lh«  »ecvtar  e^anffe,  and  the  observaf  ioo  of  it  has 
not  jcl.  extended  over  «  sufEcient  period  to  «naMfi  ns  to 
ga«a*,  even  approiimat*'ly,  at  iU  laws. 

Having  thus  discovered,  to  tome  extent,  tbo  secret  ol 
t)ie  earth's  power,  wo  can  turn  it  to  aooount.  I  hold  in 
my  hand  a  poker  fonoed  of  good  soft,  iron ;  it  ii  now  it 
the  line  of  dip— a  tangent,  iu  Eact,  to  the  earth's  line 
magnetic  force.  The  earth,  acting  as  a  magnet,  is  at  tlul 
moment  eonatraininf*  the  two  fluids  of  the  poker  to 
»e|iarate,  making  the  lower  cad  of  the  poker  a  north  pole 
aiid  the  upper  end  a  south  pole.  Mark  the  experinienti 
I  hold  the  knob  uppermost,  and  it  attracts  the  north 
end  of  u  magnetic  needle.  I  now  reverM  the  puker, 
hriiiging  ita  knob  undermost ;  the  knob  is  now  ■  north 
[>ole  and  attracts  the  toulh  end  of  a  magnetic  needle. 
Qf.t  siicli  a  poker  and  carefully  repeat  this  experiment |^| 
satiefy  yoiusclres  that  tho  fliiida  shift  their  positiun,  aoJ| 
cording  to  (he  maniK-r  in  which  the  poker  is  presented  to 
the  earth.  It  litu  already  ho-n  staled  tliat  the  soFtost  iroa 
po«!>u«w«  a  certain  amount  of  coercive  force.  The  earlh, 
at  this  moment,  finds  in  this  force  an  antagonist  wbteb 
opposes  the  full  dceompot^iUon  of  the  neutral  fluid.  Tho^ 
Domponcnt  fluids  may  be  tigiirod  as  mcetiog  an  amount  o^| 
friction,  or  [loMewiug  an  amount  of  adhesion,  which  pre- 
vents them  from  gliding  over  the  molecules  of  the  poker. 
Can  we  assist  the  earth  in  this  cam  ?  If  we  wish  to  r> 
move  the  r«riduo  of  a  powder  from  the  interior  maihe*  ot 
a  glass  to  which  t)ie  powder  clings,  we  tnv«rt  the  gi»m. 
tap  it,  lonwn  the  bold  of  the  pnwdcr,  sod  thus  enaUe  th» 
forcu  of  gravity  to  pull  it  down.  So  also  by  tmppinf  tlw 
end  of  tho  pnkerwe  loosen  the  adhest'iu  of  the  flttida  to  the 
molecules  and  ettable  the  earth  to  pull  them  ifMrt.  Out, 
what  it  the  coawquence?  The  portion  of  fliud  which  ha* 
Ihiu  forcibly  drafjged  oi-er  the  moleooles  refn 
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tetura  wben  tti«  poker  !tas  been  reiDovtxj  from  ttie  lin«  of 
dip ;  the  iron,  as  you  see,  lias  beoame  a  pormancmt  magiKt, 
By  ret'ecriDg  ite  position  sad  tapping  it  a^ain  we  reverse 
its  mafnicUsia.  A  tbougbtful  and  competent  teacher 
trill  well  know  how  to  place  tboae  remarkable  fect^  before 
hb  pupibi  ill  a  manner  wliidi  will  excite  their  iatexttt. 
By  tliR  tue  of  seiuible  iina^B,  more  or  liss  grass,  be  will 
fint  giTo  those  whom  be  tcsch^  deflnito  conceptions,  puri- 
ryiDgtl>e«c  conceptions  more  and  more,  aa  tbe  minds  of  bia 
pnpil*  lMN!ome  more  eepable  of  abstraction.  He  will  cansa 
hia  logic  to  run  like  a  line  of  light  through  Ibene  images, 
and  by  thus  acting  be  will  catue  liia  boys  to  march  at 
his  side  with  a  pri>6t  and  a  joy  which  tbe  mere  exhibition 
of  facts  without  priociptes,  or  the  appeal  to  tbe  bodily 
MWcnaatl  ibc  power  of  memory  alone,  eould  never  inspire. 


A*  on  •sjaauos  of  tbt  Bnta  nl  p.  tuf>,  tht  tMvtiag  eitraet  aaj  Aod  > 
fl»t»  ban: — 

'It  i*  well  ksovm  that  a  roltak  coRMt  ewru  an  alUsttire  fora  upon 
■  McriBil  am«Dt,  flowing  ia  tWsmiB  Jirxfeoti ;  tml  thnt  wlico  tli*  dine- 
tioM  u«  offOMd  la  «*ch  otkv  tk*  Tom*  rierWtl  ii  «  ropiiluv*  oao.  Ilj 
Mitlac  wi^M  Ulo  )q4nil»,  Ataj4r«  «iu  ■nnU'^  to  mal«  tbem  ptodoM  *II 
tba  pbanoBMU  of  kUndloa  and  rapuliiuu  ealilliiud  bj  magiula,  aad  front 
lUi  it  ««i  liat  ■  M«p  (0  Ui  Mlebntid  tlttrrj  of  moicculsr  cumiiu.  Ho 
■tpjKMd  llMniolaeulMorkinixDrtiebod/toboHurrouDdodbyiuchoiimaU. 
*lii(h,  bomnr.  b  Ik*  natural  nata  of  tb*  body  umtiiall/  DviilmliMd  ••rh 
oUiar.  on  accoaatef  Uwir  oonfbnd  gnaping^  Tba  mo,  \A  nngnetiaatjaa  bo 
nqipoMd  to  canrial  In  Mtdaglkaio  BootwBliir  currnnu  pnnlM  to  wirh  o«fa*r : 
and,  atkrtnig  fton  llw  prioeiflt.  b*  nd*c«d  oil  ilia  |>heQoiiioiui  oT  nia^at- 
iMB  Is  tkannUal  aaliaa  oratadfiofcmcU. 

>l/«iinttwt«panlli««ip«riiiianUr«ooi4rd  Jn  t^  ron^oins  pa^iAom 
Ina  M  Uat,  w«  ma  liardl;  bil  to  ba  piDTinod  ibat  dUcufiiDtk  lodiM 
■fMUad  on  b]r  u)«Detk  forrM  poaca  a  pulariij  ~  Ibe  mm*  in  kind  ojk  Inil 
till  r«T*n*  ta  din-nidn  of,  thai  Doitairtd  b;  nagBrtk  baHM."  Ihl  if  Uila 
\m  UtaBMr.bnKini  «•  totonaU*  ihcpily*i(alBuei«a<<BOf  ihl*  |wilantjf 
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Accoiding  to  CouIoidVi  uid  PotMon'*  theorj,  tb«  act  of  nugMtutlka 

couulJ  in  the  decompcaition  of  s  oeutnU  nugoctie  flaid  ;  tlis  noitii  pole  of 
a  magnet  for  ex&mple,  posaesaea  an  attraction  for  the  aontli  flnid  of  a  pue 
of  toft  iitni  mbmiUad  to  ilB  inSnenat,  drawa  Uie  aaid  fluid  tovaida  i^  aod 
with  it  the  matarialparticlsa  with  which  thaflnidiauaodated.  Toaccooat 
fur  dismagnetic  pbenomeiiii  tbii  theor?  Mwma  to  fail  altognbet ;  accoidiif 
to  it,  indeed,  the  oft-naed  phraae,  >*  a  north  pole  exdtiag  a  north  pole,  asd 
a  aoDlh  pole  •  aooth  pole,"  ioTolTea  a  contndictioi).  For  if  tba  ooith  fluid 
be  anppoeed  to  be  atiraeltd  towarda  the  influencing  north  pole,  it  ia  abaiitd 
to  anppoae  that  ita  preaence  there  could  produce  rtpuUion.  Tbe  tbeoij  of 
Ampire  ia  eqnsll;  at  a  Icaa  to  explain  diamagnecic  actian  ;  for  if  we  rappoe 
the  particla  of  biematb  mrroanded  bj  molecnlar  eonenta,  then,  accoiding 
to  all  that  ia  known  of  electro-djnamic  lawa,  theee  cnmEiCa  would  act  thea- 
arlrea  parallel  to.  and  in  the  Bame  direction  aa,  thoaa  of  the  magnet,  and 
hence  attJitetion,  and  not  repulsion,  vonld  be  the  mult  The  fiict,  bowtTB, 
of  thia  Dot  being  the  cose,  proree  that  Ihese  raolecalar  cnrrenta  ara  net  tbe 
macbaniam  by  which  diamagnetic  indnction  ia  eOeeted.  Tbe  oanadonaom 
of  tbia.  I  doubt  not,  drore  M.  Weber  to  the  aaanrnption  that  the  pbenonena 
of  diamagnetlsm  nre  produced  bj  molecolar  correnta,  not  dincltd,  but  actu- 
ally exeiud  in  the  biamuth  b;  the  magnet.  Sncb  induced  cumnia  woilii 
according  to  known  Uwa,  bars  a  diteetion  npptatd  to  those  of  the  iaducinf 
tnegnct,  and  hence  would  produce  the  phenomena  of  lepalnon.  To  eanr 
out  the  BSBumption  here  made,  M.  Weber  ia  obliged  to  Bappoae  that  tin 
mol<H:oleB  of  diamagnetic  bodies  an  Bunooodsd  bj  cbannela,  in  which  tie 
induced  molecular  current!,  once  excited,  iWDtiniie  to  flow  without  tesM 
•nea.' — DiamagTuliim  and  Hagne-erystaliie  Artion,  p.  13S-T. 


XII. 
DEATH  ST  LlGUTmSO. 

PEOPLE  is  general  inuigine,  wbon  tfa«j  think  st  all 
about  tbe  matter,  tlutt  an  impreaaion  upon  the  nerve* 
— a  hlow,  for  example,  or  the  prick  of  a  pin — is  felt  at  the 
momrat  it  it  iatlictod.  But  this  is  not  the  case.  Tho 
soat  of  tCDtalioo  Is  the  hndn,  and  to  it  the  intoUigence  of 
Mtjr  impreaaion  made  upon  the  nerves  baa  to  be  traD8initt«d 
before  thia  iinpreesiou  can  hocome  manifest  in  conscious- 
neaa.  The  transmiMtoa,  mcreover,  rcquirea  Hmt,  and  the 
coBsoqucoec  i»,  that  a  wouimI  inflicted  on  a  portion  of  the 
bodj  dixtant  from  the  brain  ia  more  tardilj  appreciated 
than  one  inflicted  adjacent  to  tlio  bnJn.  By  an  cxtrvmcly 
io^oioaa  experimental  arrangement,  ITvlmholtx  ha^  d<s 
tennined  the  velocity  of  this  nervoua  transmiwion,  uud 
fi&da  it  to  be  about  one  hundred  feet  a  Kecond,  or  low 
tbaa  on&-t«Dth  of  the  velocity  of  nound  in  air.  I  f,  thcre- 
fofo,  a  whala  fifty  feet  long  were  wounded  in  the  tail,  it 
would  not  be  conecioua  of  the  injury  till  half  a  second 
aft«r  tlttt  wound  had  been  inflicted.'  But  this  is  not  the 
only  inprediont  in  tho  delay.  There  can  scarcely  bo  a 
doubt  that  to  every  act  of  consciousness  belongs  a  dctor- 
mioate  molecular  arrangement  of  the  brain— that  every 
thoi^ht  or  feeling  has  ita  physical  correlative  in   that 

■  A  MoM  adarifBUe  iMlara  «■  iha  Mlonlj  of  buhw  tnasmUilon  baa 
Wm  pnUUliad  I17  Dr.  [>n  Boll  Il«7M0>d  In  Uio  ■  Promdiap  <f  Uu  Boyd 
IsMllaUon'  Ibr  ISSS.  voL  It.  y.  til^. 
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organ ;  and  notbing  can  be  moro  certain  than  that  em) 
physical  change,  nbelber  molecular  or  nwchonJcal,  reqwM^ 
time  for  ita  accompIiKhmi'ut.   So  that,  bcgidoi  the  inteml 
of  tnuuimission,  a  Htill  furtJtcr  time  \x  tKoassary  fvr  \ii 
brain  to  ptit  it«elf  in  ordnr — for  iu  molecules  to  Uke  uf 
fthe  notions  or  posUooa  neocwar;  to  Oie  conipIt^liiMi  ti 
consoioiutDe«f.     Hdmboltx  coudden  tliat  oQc>L«cth  of  i 
■eoond  is  detnandtxl  for  tliis  purpose.     Thua,  in  the  earn 
of  tl>e  vihal«  above  soppoaed,  «e  hare  first  half  a  tteaoi 
consomcd  in  the  tntnsnuaion  of  the  intcUif^rocc  throogli 
t'no  sensor  nerm  to  tW  head,  onotcnUi   of  a  secund 
consumed  by  tbe  brum  En  oomplt^ting  the  arrangemoiU 
noGoMary  to  conK-ioumrM,  and,  if  Uie  velocity  of  tnB«- 
uinion  through  th«  motor  b«  the  itamfi  ai  that  thtonch 
tlte  sensor  norvM,  half  a  »<«ond  in  sending  a  command 
tha  tail  to  defend  itedC     Tfans  one  second  and  a  tea 
would  clnpoe  before  an  impression  ma<le  upon  iU  cai 
ncTvcfl  could  be  responded  to  by  a  whale  fifty  feet  long< 
Now,  it  is  quite  conceivable  that  an  iojury  might 
■oflicted  which  wotild  render  the  n(!r\'e-'  tiufit  to  be 
coaductore  of  the  motion  which  rcvujln  in  »cn!talit)u ;  and 
if  BHch  a  tJiing  occurred,  no  matter  how  Mvere  the  iajniy 
might  be,  we  Khmild  not  be  oonscioua  of  IL     Or  it  way 
be,  that  long  Itefore  tiio  lime  required  by  tbe  Lrab  to 
complete  the  arrangements  oecesBary  to  consdouRieaa,  it' 
power  of  arrangement  might  be  wholly  nupended.     Ii^ 
such  a  case  alvo,  though  tlte  injury  might  Iw  of  a  DaLui^| 
to  cause  death,  thin  would  occur  witfaotit  feeling  of  auy  •■ 
kind.     Death  in  this  enne  wotJd  he  simply  the  luddea 
negation  of  life,  wilhoul  any  intcrrentioii  of  oonsciounesi 
whatever. 

Doub4l<!«s  there  are  many  kinda  of  death  of  this  dub^ 
racier.    The  paattagc  of  a  musket-bullet  through  tbe  btaii 
h  a  ease  in  point ;  and  llir  pliicid  o"ii«?t  of  a  miin  thti 
killed  iit  in  iierfoct  m^cordance  with  the  conduatoD  wi 
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be  drAvm  a  priori  from  the  experiment^t  of  Ilelni- 

kHz.    Ch*c«  of  insensibility,  moreover,  are  not  uDcommon 

,  do  not  result  in  dcatb,  and  aft«r  which  the  pnniDUK 

bav«  been  ablo  to  testify  tbat  no  pain  vas  felt 

Br  to  the  low  of  conseioitnteds. 

The  time  required  for  a  rifie-builtit  to  |ui»)  cl«m  through 
,  man's  bend  ma;  be  rooghly  eatimated  at  a  thuusundth 

k  Mpoond.     HtfTx;,  therefore,  we  should  have  no  room 
ioDKatfon,  and  deuth  would  bo  painless.    But  there 

I  otlier  actions  which  far  trannceud  in  rapidity  that  of 
tifl^buUet.  A  flash  of  lightning  cluavvit  a  oloud, 
appearin;;  and  diMppeuing  in  less  than  a  hundred- 
thousandth  of  a  sucond,  and  the  velocity  of  electricity  i« 
foeh  as  would  carry  it  in  a  single  second  over  a  dtoUnce 
nIrao«it  rqtial  to  Uiut  wltich  *^pauali:s  the  earth  and  moon. 
It  in  wrll  known  that  a  luminoiM  impruMion  once  made 
up4in  bill:  retin-t  endured  fnr  about  one-sixth  of  a  second, 
and  that  this  is  the  reason  why  we  itee  a  ribbon  of  Itgiit 
when  a  {(lowing  coal  is  caused  to  pass  rapidly  tlirougfa  th<- 
air.  A  body  illuminated  by  an  iostantaneoua  flash  cun> 
Uniies  to  be  seen  for  the  sixbli  of  a  second  after  tho  &aah 
has  become  extinct ;  and  If  tbc  body  thus  illuminated  be 
in  motion,  it  appears  at  rest  ut  tlw  plucv  where  tho  flash 
lalls  upon  iL  The  colour-lop  is  funtiliar  to  moit  of  ui. 
By  this  instrument  a  disk  with  diiTttrently-coIoured  wctors 
is  caiwed  to  rotate  rapidly ;  tbe  ci^lours  blend  together, 
and,  Ef  they  are  chosen  in  the  proper  proportions,  when 
tha  motion  is  aufficitittly  rapid  the  disk  appears  white. 
Such  a  top,  rotating  in  a  dark  room  and  illuininat«d  by 
an  electric  spark,  appears  motionlew,  euch  dixtinct  colour 
Ix-ing  clc.-irly  neen.  Professor  Dove  has  found  that  a  flash 
of  li^hlning  produces  the  same  effect.  During  a  tbundcr- 
tutna  he  put  a  colour-top  in  exceedingly  rapid  motion, 
and  found  that  every  flaafa  rerealod  tlie  top  as  a  moUon- 
leaa  object  with  it»  coloim  distinct.    If  illuminated  »o1«ly 
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by  a  flub  of  Uglilning,  Lbe  moUoD  of  all  bodies  on 
earth'i  surraoe  would,  as  Dots  baa  remarked,  ap]iau 
pended.     A  eanooD-ball,  for  example,  would  bare  its  I 
ftp[Mtreotlj  an«0ted,  and  would  teem  to  hanp:  motitnle 
in  Bpaco  u  long  m  IIip  himinoiis  impn-wion  which  rtitt 
the  ball  rumninvd  upon  llie  «ye. 

If,  Oien,  a  ride-bullet  move  witli  sufficient  rapiditrl 
dMtroy  life  without  the  interposition  of  sensatioiD,  mucb 
more  te  a  Bash  of  lightoinf;  oompetoQt  to  produce 
effect.  Accordingly,  wc  liave  n('ll-«Mtli<!nticat49d  caces 
j>r*>plc  Wing  struck  ncnittleM  bj  lightning  who,  on  rooovcry, 
had  no  tnemorr  of  paiu.  Th«  foUowiag  circiinortaatol 
eaae  !>  detcribed  hj  Hemmer : —  | 

On  June  30,  1788,  a  soldier  in  the  neigbbotirliood  tt 
Ifiuiniioitn,  being  overtaken  by  rain,  placed  bimaelf  tuuler  [ 
a  Iret-,  1>vnnith  which  a  woman  baid  previously  lakco 
altelter.  Ifc  Iwikcd  upwards  to  soe  whether  the  biandm 
vere  thick  enough  to  aflTonl  the  required  protectiom,  and, 
in  doinj;  ao,  waa  struck  by  lig:htning,  and  fell  wnaelcn  la 
the  earth.  The  woman  at  his  side  experieneed  tha  sbud: 
in  hor  foot,  but  was  not  struck  down.  Some  hours  allet- 
ward>  tbo  man  rcvired,  but  remembered  notliing  about 
what  bad  occurred,  nv«  the  fact  of  hia  looking  up  at  tbe 
branohea.  This  was  bis  but  act  of  consdouenees,  and  be 
ipasMid  from  the  conseiotu  to  (hu  uncoiiKcious  c>udilii>D 
'vitlxnit  piin.  The  visible  marks  of  a  lightning  stroke  are 
usually  insignificant :  the  hair  is  sometime*  burnt ;  alight 
wounds  arc  observed ;  while,  in  aome  instaucaf,  a  red 
streak  murks  tJic  track  of  the  difchargo  over  the  skis. 

Under  ordinary  circtinutancce,  the  discbarge  bom  a 
Btnall  Leyden  jar  ia  exceedingly  iinph-asaiit  to  me.    Sotns 
timo  ago   I   happened   to  stand   in  tbe   prcaencw  ol  a^fl 
numerotuniidiuDco,  with  a  batter;  of  fifteen  large  LvydenHj 
jara  chai^gcd  beside  me.     Throutth  some  awkwardodsoa 
my  part,  I  touched  a  wire  It-adtng  from  tJie  boUery,  aotl 
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dtacbftTge  went  through  my  bod;.  Life  was  abM- 
ely  blotted  out  for  a  very  KCDeible  intenral,  without  & 
r  of  pain.  Id  a  second  or  »o  coiuciouiiiess  returned  i 
I'taw  mjiwlf  in  the  presence  of  the  audieitco  nod  »p- 
bIu«,  and,  hy  the  help  of  these  external  appeanncM, 
tmediatcl;  eoncluded  that  I  had  received  the  battery 
Tge.  Th«  intelU/^iital  confciousnesa  of  my  podtioa 
restored  vitli  csrccding  rapidity,  but  not  bo  the 
ooii«ciou)>ii<.-s9^  To  prevent  tb«  audience  from 
Mng  aluitned,  I  obu-rved  that  it  bad  often  been  my 
■ire  to  receive  accidentally  such  a  shock,  and  that  my 
bad  at  length  beco  fulfilled.  But,  while  making  tJiia 
rk,  the  appearance  wbicb  my  body  prcjcubcd  to  my- 
'  was  that  of  a  mimbcT  of  Kepurutc  piece;).  Tlic  arms, 
tor  eiample,  were  dotaclHxl  from  tho  trunk,  and  seomcd 
mipendcd  in  the  sir.  In  fad,  memory  and  the  power 
of  reatsoDiug  appeared  to  ]>g  complete  long  before  the 
optio  Dcrve  wa^  restored  to  healthy  action.  Kut  what  I 
wiah  chiefly  to  dwell  upon  here  is,  tbc  absolute  painless- 
ness of  the  ^bock ;  and  there  cnunot  bo  a  doubt  tbut,  to 
a  persoa  struck  dead  by  lightning,  tho  pnuage  from  life 
to  death  occiint  without  consciousness  being  in  the  leant 
defpcv  implicated.  It  is  an  abrupt  stoppage  of  seaintiooi 
ttnaccompani«<l  by  a  pang. 


A^a.  is«t. 
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rpTTElR  refusal  to  tUTestigata  *  Bplcitual  pbanainent  til 
X  oftsD  urged  as  a  rcpnxcb  to  •cteotific  men.  I  hen\ 
propoM  ta  ^re  n  Bketch  of  aa  sUempt  to  apply  to  thai 
'pbenomena'  tboM  meUiod*  ofemjniiy  vbicb  mro 
svailoU*  in  dealing  with  natonl  tnitfa. 

S^ine  time  ago,  when  Ute  spirits  wem  porticulailfl 
active  in  thia  countiy,  a  celebrated  pbilooupber  m*  in- 
vit«ii,  or  latber  entreated,  by  oae  of  bia  Eneodii  to  nM 
and  quofetioo  tbvm.  lie  bad,  how()\er,  already  wade 
their  acquainlanoe,  and  did  not  wish  to  reoew  iL  1  bad 
Dot  bccD  BO  privileged,  and  be  thcrt^fure  kinillj  amoved 
a  Iranj-for  of  the  invitation  to  me.  The  spirit*  theniMlvcSj 
iiAinitl  the  time  of  meeting,  and  I  waa  conducted  to  { 
]ilace  at  tbe  dny  and  hour  appointed. 

Abeoluto  unbelief  in  the  facts  was  by  do  meaoi  mj 
condition  of  miod.  On  the  contrary,  I  thooglit  it  pr 
Ifuble  that  lome  ptiyMt-al  principle,  not  evident  to  the 
spiritunliKts  tbemselves,  might  underlie  tboir 
lions.  Extraordinary  etTect^  are  produeed  by  the 
mulation  of  small  impulsea.  Galileo  set  a  licavy  pendu- 
lum in  motion  by  the  well-timed  puffs  of  hts  bmthj 
Kllioot  set  one  clock  going  by  the  licks  of  auolher,  eTenj 
when  the  two  clocks  were  separated  by  a  wall.  Pr 
coived  notions  can,  moreover,  vitiate,  to  an  extrotirdiii 
di^cc-,  tlK*  testimony  of  even  vcntoioiis  persona.     t[ 
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nv  dreiro  to  witDess  tJiOM  extraordinary  phenomena,  the 
vxi>tcuc«  of  which  KcnKd  plac«d  beyond  a  doubt  by  the 
Inowa  veracity  of  tbo«c  who  had  vritncswd  sitd  described 
Uicm.  The  mmting  took  place  ut  m  private  raidenca  in 
the  oeighbourfaood  of  London.  My  host,  hii  )iit«lligeoL 
wife,  and  a  gentleinan  who  may  he  called  X.,  w«re  in  the 
house  «ben  I  arriTcd.  I  was  infoniKd  that  the  *  medium ' 
hod  not  yet  made  her  appearance ;  that  she  naa  secnttve, 
tad  might  reseat  nuspicioa.  It  ira«  therefore  requested 
tliat  the  tables  and  chairs  nhoutd  be  examiutKl  before  her 
unval,  in  order  to  be  assured  that  there  was  no  trickery 
1b  tbe  furniture.  This  was  done ;  and  I  then  first  learned 
that  my  hoBpitable  host  bad  arranged  that  the  s^nctf 
«hould  be  a  dinner-party.  This  was  to  mu  aa  unusual 
form  of  investigation;  but  1  acoeptcsd  it,  aa  one  of  th« 
Accidentu  of  Uie  occayion. 

The  '  medium '  arrived — a  delicate-  loolfing  young 
lady,  who  appeared  to  have  suSered  much  from  ill-health. 
I  took  ber  to  dinner  and  eat  close  beside  bor.  Facte  were 
alieeDt  for  a  coosiderablo  time,  a  Eeries  of  very  wonderful 
nnrativcs  vnpplying  their  place.  The  duty  of  belivf  on 
testimony  was  frrqitratly  iatisted  on.  X.  appeared  to  be 
«  chosen  spiritual  agent,  and  told  ut,  many  wtrprising 
things.  He  affirmed  that,  ahen  he  took  a  pen  iu  his 
hand,  an  influence  ran  from  bis  shoulder  downwards,  and 
impelled  him  to  write  oracular  sentenoes.  I  listened  for 
a  time,  oflering  no  observation.  *  And  now,'  continued 
X.,  *  Ibis  power  has  so  risen  as  to  reveal  to  me  the  thoughts 
df  others.  Only  this  momiog  1  told  a  friend  whitt  he  was 
thinking  of,  and  what  he  intended  to  do  during  the  day.' 
Here,  I  thought,  is  something  that  can  be  at  onc«  teet«d. 
I  aaid  immediately  to  X. :  '  If  you  wish  to  win  to  your 
Mioe  an  apostle,  who  will  proclaini  your  principles  to  the 
world  without  fear,  tell  me  what  I  am  now  thinking  of.' 
X.  reddoood,  and  did  not  t«l]  me  my  thought. 


3U  FKieicms  or  aoKsciL 

S>iD>?  time  pnerio^^  I  bad  Tuitnl  Baron  B^din- 

lAch.  ia  VL^imiL  aod  I  nov  a;AMi  the  roung  lady  irbo 
sat  befi'ie  me.  wh«cber  Ae  coaM  sec  anr  of  the  cuiiosi 
tbin^  whicti  be  deacribes — thm  U^t  emitted  by  ciyvtil^ 
for  KEunpLe  ?  Here  i>  the  eaiiTUnUoB  wbich  follond, 
u  extncted  &ora  mj  note^  written  on  tbe  day  foDowiof; 
the  tiaiux. 

Mediam. — 'Oh,  yes;  but  I  He  liRbt  around  >11 
bodiet.* 

/. — '  Even  in  perfet  darfcnea  ? ' 

Medium. — 'Yes;  I  see  Inminons  atmospfaeres  nM&d 
all  people.  The  atmo^here  which  sonounda  Mr.  &  C. 
would  611  this  room  with  light.' 

/. — '  Vou  are  aware  of  the  effects  ascribed  by  Banm 
Reichenbach  to  magnets  p ' 

Medium. — *Tes;  but  a  magnet  makes  me  terribly 
ill.' 

7. — *  .\m  I  to  onderetand  that,  if  this  room  were 
perfectly  dark,  you  could  tell  whether  it  contained  > 
magnet,  without  being  infonned  of  the  &ct?* 

Medium.—'  I  should  know  of  its  presence  on  eateriog 
the  room.* 

/.—'How?' 

Medium. — '  I  should  be  rendered  instantly  ilL' 

/. — '  How  do  you  feel  to-day  ? ' 

Medium^ — '  Particularly  well ;  I  have  not  been  so 
well  for  months.' 

/. — '  Then,  may  I  ask  yon  whether  there  ia,  at  the 
present  momeot,  a  magnet  in  my  possession  F ' 

Tb'^  young  lady  looked  at  me,  blushed, -and  atam' 
mcrcd, 

'  No  ;  I  am  not  en  rapport  with  you.' 

/  sat  at  her  right  hand,  and  a  left-hand  pocket,  vriA- 
in  tix  vnchee  of  ker  person,  ooiUamed  a  moffiut. 

Our  host  here  deprecated  diaousdon,  at  it  *  azhaiHtcd 
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Ute  medium.'  The  woDdciful  narrativen  were  resumed ; 
but  I  had  narrativra  of  my  ona  quite  ns  voaderftil. 
These  vptriU,  indeed,  Kcvmvd  clunujr  ercatioofl,  compared 
with  those  witli  wlticb  my  own  rcMarchcK  hod  made  me 
lamiliar.  I  thcrrfore  b^^ao  to  match  Uio  wonders  re- 
liiUd  to  me  hy  other  woDderB.  A  lady  preoent  diMuitrsod 
oD  spiritual  atmospheres,  which  she  could  see  as  beaittifid 
colours  wbeo  she  closed  her  eyes.  I  professed  myself 
able  to  sec  similar  cnloun,  <und,  more  than  that,  to  be 
able  to  BM  tho  interior  of  my  own  eyes.  The  medium 
affirmed  tliat  flie  could  m>o  adiud  waves  of  ligfit  oomiii]; 
from  ttw  guu.  I  rt-torted  that  mitu  of  scJeBoe  could  tell 
tha  exact  Dumber  of  waves  emitted  io  a  second,  and  also 
tfaoir  exact  length.  The  medium  spoke  of  the  pcr- 
fimnaoces  of  the  spirits  on  musical  instrumenL*.  I  said 
(hat  such  puiformasce  was  gross,  in  oamparisou  wiUi  a 
kind  of  muiiic  which  bad  been  discoverfid  some  time  pre» 
riott~Iy  by  a  aciuuttfic  man.  Standing  at  a  distance  of 
twonty  feet  from  a  jet  of  gas,  be  could  eotnmand  the 
flame  to  emit  a  molodious  nnte  ;  it  would  obey,  and  ooii- 
tiuue  its  song  for  hours.  iSo  loud  was  the  music  emitttid 
by  the  gas-flauM,  tl>at  it  might  bo  heard  by  an  assembly 
of  a  thousand  pet^lr.  These  were  acknowledged  to  be 
as  great  nuirvels  as  any  of  thoae  of  spiritdorn.  The  spirits 
wen  then  consulted,  and  I  was  pronouuocd  to  be  a  first- 
claai  medium. 

During  this  conversation  a  low  knoclcing  was  heard 
from  ttrae  to  time  under  the  table.  Tbeso  were  the 
spirit*'  knocks.  I  was  informed  that  one  knock,  in 
answer  tu  a  queetioa,  meant  ■  Xo ; '  that  two  knocks  meant 
'  Niit  yet ; '  and  Uiat  tbieu  knocks  meant '  Yes.'  In  answer 
■  question  wlictltcr  I  was  a  medium,  llu!  rinpoiise  was 
brisk  and  vig<inni«  konck^  I  »<itici-d  that  the 
knocks  isBUvil  from  a  particular  locality,  and  Iberofore 
nqoMtrd  the  cpirita  to  be  gnod  Mwugb   to  ansvrer  from 


«18 


PBAQMRKTS  OF  SCIUNCB. 


another  eorner  of  tbe  tablo.  Thov  did  not  comply ;  bit  | 
I  ms  assured  that  tbey  wouli]  <lo  it,  and  mncJi  more,  )if  ' 
and-by.  Tlie  kooeln  continaing,  I  turned  a  whui-glMi 
upeidie  down,  and  pheed  017  ear  upon  it,  as  upon  a  rt«tb»- 
■cope.  The  iq>trit8  aeemed  disconoaited  by  the  act ;  tjin 
loit  their  playfulneea,  and  did  not  quite  teeovee  it  for » 
eondderable  time. 

Somewhat  wearj  of  the  proceeding,  I  once  Uirev 
myself  back  ogaintt  my  diair  and  gased  livtleMly  aiA  «f 
t)w  window.  While  thus  engaged,  tiw  table  was  nidi'.i' 
pnshcd.  Attention  was  dnwn  to  the  wine,  still  o>sciliAt- 
ing  in  the  gUsaes,  and  I  waa  asked  whetlwr  that  wa»  na 
coQfiticing.  I  Ti^adily  gntnt*^  the  fact  of  moMon,  and 
bctfan  to  feel  i\w  dolicooy  of  my  position.  Tfaera  were 
vrtvvml  pairs  of  urms  upon  the  t-\ble,  and  BcTenl  paireoF 
legs  under  it ;  but  how  was  I,  without  ofience,  to  axprM 
the  oonvictioD  which  I  really  cntertainod  f  To  ward  off 
the  difficulty,  I  again  tiuned  a  wine-gUaa  upaido  dowa 
and  rested  my  ear  upon  it.  The  rim  of  the  glass  wu 
not  level,  and  the  hair,  on  touching  it,  caused  it 
vibrate,  and  produce  a  peculiar  buzzing  sound.  *  A 
fsotly  candid  and  warm-hearted  old  gonlWoaii  at 
oppoaite  dde  of  tlu)  table,  whom  I  may  call  A., 
attention  lo  Uio  aound,  and  (ixpntiiK^d  his  entire 
that  it  was  apiritual.  I,  however,  informed  him  that 
was  the  moving  hair  acting  on  the  glass.  The 
tion  was  sot  well  received ;  and  X.,  in  a  tone  of 
pleasantry,  demanded  whetlior  it  was  the  hair  that 
moved  Ui»  tabl•^  The  prouiptii<w*  of  my  n^gntiTt  ft 
bably  eatixlied  him  that  ray  notion  was  a  very  1 
one. 

The  BUpeThumnu    power  of  the  spirit",  was  next 
upon.     The  ftrcDglh  of  man,  ii  was  stated,  was  imsfai] 
fng  in  opposition  to  their*.     No  human  power  could  pt^ 
vent  tho  Uhle  from  moving  when  they  pulled  It.     [hirii 
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the  eTenlDg  Uiis  pulling  of  Out  table  oocttrred,  or  ntlter 
wu  aUempied,  three  timn.  Trice  th«  table  moved 
wbeo  my  attention  was  withdrawn  from  it ;  on  a  third 
occasion,  I  tried  whether  the  act  oould  be  provoked  by  an 
oannned  air  of  inattontioB.  Grasping  the  tablo  firmly 
between  my  knees,  I  threw  myself  back  in  th«  chair,  and 
waited,  with  eyu  fixed  o«  vacancy,  for  the  pull.  It  came. 
For  aorae  focond*  it  wm  pull  spirit,  hold  muscle;  the 
mnsctci,  however,  prevailed,  and  the  (able  remaiaod  at 
kbL  Up  to  tbe  present  moment,  tiiia  intcrcMing  lact 
ii  known  only  to  the  particular  spirit  in  queottoD  and 
myself. 

A  species  of  mental  scene-painting,  with  which  my 
own  pursuits  bad  long  rendered  mc  familiar,  was  employed 
to  6gura  the  changes  and  dtntribution  of  spiritual  power. 
Tho  spirits  wcro  provided  with  atmospheres,  which  com- 
bined with  and  interpenetrated  each  other,  considerable 
ingenuity  bring  NhowQ  in  demoostiating  theDOCCBsity  of 
tinui  in  effecting  the  odjustmont  of  tho  atmoepheres.  In 
(act,  joet  OB  in  science,  tlto  Kiaes,  tim«,  and  spooo  consti- 
tuted tbo  conditions  of  the  phenomena.  A  rMurongement 
of  our  positions  was  proposed  and  carried  out;  and  soon 
afterwards  my  attention  was  drawn  to  a  scarcely  seBubl« 
vibraUoD  on  the  port  of  tho  table.  Serend  persons  were 
Wsing  on  the  table  at  tho  time,  and  I  asked  permiMion 
io  touch  the  medium's  hand.  *  Oh  I  I  know  1  tremblo,' 
was  ber  reply.  Throwing  one  leg  across  the  other,  1 
accidentally  nippod  a  muscle,  and  produced  thereby  an 
involnntaj7  vilvation  of  the  free  leg.  This  vibration,  1 
know,  mufit  be  communicated  to  the  floor,  and  thence  to 
the  chain  of  all  present.  I  therefore  int«ctiona]ly  pro- 
inot«d  it.  My  atiention  was  promptly  diswn  to  th«  mo- 
tion ;  and  a  gentleman  beside  me,  whoso  value  as  a  witaeaa 
I  «u  particularly  desirous  to  test,  cxpreaaed  his  belief 
Uiat  It  was  out  of  tl»  compass  of  human  power  to  produee 
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to  rtniDgc  a  tmnor.  **!  bclie^-e,'  be  added,  earnestl; 
'that  it  »  entircljr  the  spiriU'  vork.'  'So  do  I,'  mdieS, 
witii  lieat,  llie  candid  and  waimbearted  old  gentleman  A. 
*  Why,  sir,' be  contiaued,  *X  feel  tbcm  at  this  moment 
fthakiog  mj  cbair.'  I  stopped  ttiv  motion  of  the  1^. 
'Now,  sir,'  A.  rxclaimed, '  the;  are  gone.'  I  began  again, 
and  A.  once  mote  ejaculated.  I  oould,  bovever,  notice 
lliat  there  were  doubters  present,  who  did  not  qui(«  know 
what  to  think  of  the  mamlVstatioDs.  I  saw  their  pei^ 
plexity ;  and,  aa  tborc  waa  suffidcnt  rcas^m  to  beliere  that 
the  disclosure  of  the  secret  would  simpl;  provoke  anger, 
I  kept  it  to  mvsolf. 

Again  a  period  of  eonveraation  inten-ened,  4 
which  the  *pinlD  became  animated.  The  evKoing 
eonfeasedly  a  dull  one,  but  matlers  appeared  to  brigb 
towards  its  oIom.  The  spirita  were  requeated  to  spell  Uw 
same  by  which  I  am  known  in  tin  heavenly  world.  Oiir 
boet  commenced  repeating  the  alphabet,  and  when  he 
reached  the  letter  'P*  b  knock  was  beard.  He  be^an 
again,  and  tho  spirits  knocked  at  tlio  tetter  '  0.'  I  waa 
pozsled,  but  waitvd  fnr  the  end.  The  next  letter  ki 
down  was  '  E.'  I  lauglied,  and  remarked  that  the  spirit 
were  going  to  make  a  poet  of  noe.  Admooisbed  fcr 
levity,  I  was  informed  Uiat  the  frame  of  mind  pnrper  tot' 
the  occasion  ought  to  hare  been  snpcriitduced  by  a  penual 
of  the  Bible  immediately  before  ihc»Saru)0.  The  spellng^ 
however,  went  on,  and  sure  enough  I  came  out  »  pact 
But  matters  did  not  end  here.  Our  host  continued  his 
repetition  of  tite  alphabet,  and  the  next  letter  of  tl»  name 
proved  to  be  *  0.'  Here  was  manifestly  an  "nfin't*'f* 
word ;  and  the  spirit*  were  apparently  in  their  raoct  oom- 
munlcative  mood.  The  knocka  oame  from  under  the 
table,  but  no  person  present  evinoed  the  illgbtect  dears 
to  look  Qnder  it.  I  asked  wbetlwr  I  might  go  tmdrr- 
nratb ;  the  penDission  was  granted ;  m  I  ct«pt  under  tba 
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Some  titt^ed ;  but  the  candid  old  A.  cxcUiined, 
*Kb  baa  a  rigbt  to  Icmk  into  Uiv  very  di^fs  of  it,  to  con- 
rinoc  IiinixcHV  Having  pretty  well  assured  mritclf  timt 
no  souod  eould  be  produced  under  t^c  table  without  Ha 
origin  being  revcalod,  I  rcqucsti-d  our  hoA  to  contione  his 
qoeatioDa.  lie  did  hi,  but  in  vnio.  He  adopted  a  tone 
of  tender  entreaty;  but  the  *dear  »piiit«'  liiid  bL-oomc 
dumb  dogii,  tnd  rvfiiaed  to  be  entreated.     I  contiauod 

t«r  that  table  for  at  least  a  quarter  of  an  hour,  after 
cli,  witb  a  feeling  of  despair  as  regarda  the  prospects 
of  humanity  nevei  before  experienced,  I  regained  mj  clutir. 
Once  tbere,  the  apirit^  re«iiaiG<l  their  Io<iuacit}r,  and 
dubbed  me  *  Poet  of  Science.' 

Thix,  tbvn,  in  tbe  retrult  of  an  attempt  made  by  a 
seicutifie  man  to  look  into  these  spiritual  phenomena.  It 
is  not  encouraging  t  and  for  this  rea»>ni  Tbe  present 
promoters  of  ^iritual  phenomena  divide  them^dces  into 
two  eUuseSiOne  of  wliieh  needs  no  dcmoostration,  while 
tbe  other  is  beyond  the  reach  of  proof.  'I'he  victims  tike 
lo  bcliore,  and  they  do  not  like  to  l>v  undix-Kivixl.  Science 
is  pcrfvoUy  powerless  in  tbe  presence  of  this  frame  el 
mind.  It  is,  moreover,  a  state  perfectly  compatible  with 
extreme  intellectual  subtlety  and  a  cipacity  for  devising 
hypotheses  wbich  only  require  tbe  hardihood  engendered 
hy  strong  conviction,  or  by  callous  mendacity,  to  render 

«ini  impregnable.     The  l<^ical  feebleness  of  science  is 
t  sufficiently  borne  in  mind.    It  keeps  down  tbe  weed 
superstition,  not  by  lofiic  but  by  eluwly  rend<Ting  the 
ital  soil  unfit  fur  iU  cultirulion.    When  science  appeals 
liform  ezpcrienoe,  tbe  spiritualist  will  retort, '  Hew 
lyoo  know  tliat  a  uniform  experience   will   continue 
Jorm  ?    y<'U  tell  me  that  the  sun  has  riwu  for  six 
ad  years :  that  is  no  proof  that  it  will  rite  to-mor- 
' ;  within  the  next  twelve  liotirs  it  may  be  puSed  out  by 
Almighty.'    Taking  this  ground,  a  man  may  maintain 
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the  BtoTjr  of  '  J»ck  and  tlw  BcanBtolk*  in  th«  hce  of  all 
tlM  loiaioe  in  the  world.  You  urge,  in  vain,  Out  scieoee 
bM  given  118  all  the  knowledge  of  the  iinivcrae  wliicb  we 
now  ponesa,  while  epirituali5m  baa  added  nothing  to  that 
knowledge.  The  drugged  sotil  u  beyond  the  reach  of 
reason.  It  is  in  Tain  that  impoetwa  are  czpGwd,  lod  Uw 
epeeial  demon  oast  out.  Hu  has  but  iligbtly  to  change 
Us  ehapa,  tetum  to  hii  house,  and  find  it  'empty,  swept, 
and  garauhed.' 
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N  couae(]uence  of  tti«ir  special  vlt&racter,  Uie  Fra^nesU 
of  Part  II.  have  been  separated  fiwa  the  more  purely 
tcicntific  ones  of  Pait  I.,  and  placed  together  in  the  order 
of  Uicir  publication.  Thus  presented,  tbay  will,  I  think, 
nuke  it  plain  that,  within  the  lust  two  yam,  I  haro  added 
lo  material  iniquity  to  Uic  li»t  provioii^ly  recoidi-d  agaioEt 
I  hav«  gone  carefully  owr  them  all  this  y«ar  ia  Swit- 
Bwland,  bestowing  special  attention  upon  the  one  wh  idi  Ita* 
given  most  offence.  To  the  judgment  of  thoughtful  men 
1  now  commit  them :  the  unthoughtful  and  tho  nn&ir  will 
not  rpad  them,  though  they  will  continue  to  abuM  thcnt. 
I  bare  no  detiie  to  repay  in  kind  tlic  hard  words  already 
thrown  at  them  and  me;  but  a  simple  comparison  will 
make  dear  to  my  more  noisy  and  unreasonable  aMatlaots 
how  I  regard  their  pottition.  To  the  nobler  Bercaiu  of  tho 
preM  and  pulpit,  who  have  honoured  me  with  th«ir  atton- 
tion,  I  do  not  now  refer,  Webeter  definesa  squatter  as  onv 
who  settles  OD  new  Und  without  a  title.  This,  in  regard 
Co  AnlJiropology  and  Cosmogony,  I  hold  to  huve  b«eu 
the  poaitioD  of  tho  older  theologians;  and  what  tlieir 
heated  nicceaKin  of  to-d-ay  denounce  as  *  a  raid  upon  Theo- 
logy,* ia,  io  my  opinion,  a  perfectly  legal  and  equitable  at- 
tempt to  remove  them  from  ground  which  tlicy  have  no 
right  to  hold. 

If  the  title  eitet,  tot  it  be  produced.     U  ia  not  the 
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rviiioo  of  tlw  test  df  Q«oeais  hy  uootnpluh«d 

nt  Um)  [mbllc  m  much  need,  as  to  be  infonncd  aea 
koonriaeed  hov  &r  tfae  teit,  polishi>d  or  impoli^Dd,  ha* ■ 
d&itn  apoo  the  bdief  of  intctli^nt  potBons.  It  is,  I  Cnr, 
a  growing  conrwtioD  thai  our  ministan  of  religioD)  fortk 
•ako  of  pcaoP,  [DOTS  or  Iem  McrlSoe  th«ir  atncerity  in  dtiU- 
ing  with  the  CoKBOgooy  of  th«  Old  Testament  I  aotm 
this  in  eoQTersatitm,  and  it  is  getting  into  print.  Before 
.me,  for  example,  is  a  little  brochure,  in  n-hicb  a  lajmui 
prenes  a  clerical  biend  vith  a  eeriea  of  questions  regatdiai; 
CreatioD — the  six-daj  period  of  Dirino  activity,  the  A 
tion  of  tliD  world  by  a  flood,  the  building  of  an  ark, 
placing  of  creatures  in  It  by  pain,  and  the  descent 
this  ancestry  of  all  living  things, '  men  and  women,  U 
t'Snd  beaMs.'  lie  uks  bis  friend,  *I>o  you  i<rif/umt  any 
'  vmtUoI  rewnvUitm  believe  t]w«e  thingv  ?  *  *  If  you  do,' 
he  continues,  *  then  I  can  only  say  that  the  aocumolated 
and  accepted  knowledge  of  manlnnd,  including  thft  entire 
sciences  of  Astronomy,  Geology,  Philology,  and  Hlstoiyi 
are  [as  for  as  you  an>  coocemed]  nought  and  tiuetakeD- 
Ifyoudonot  believe  those  evenU  to  bare  so  happened, 
or  do  ao  with  some  mental  reservation,  which  destroys  the 
whole  sense  and  meaning  of  the  narrative,  tchy  do  you 
not  *rty  so  from  your  puipU«  f ' 

The  friend  merely  parries  and  erades  the  q 
According  to  Mr.  Martineau,  the  eleigy  speak  Vwy 
ently  indeed  from  their  pulpits.     After  sliowing  bow  fbe 
&ioeaic  picture  of  the  *  genetic  order  of  things '  lias  b«»n 
not  only  altered  but  inverted  by  scientific  leaeareh,  be  sa^s; 
'  Notwithstanding  the  di'plorablc  condition  to  which 
picture  has  been  reduced,  it  is  exlilbitod  fresh  ev«ry 
to  millions  tangbt  to  beliere  it  as  dirlnA.'     It  cannot 
urged  lltat  error  here  does  no  practical  harm,  or  that  it 
Ldoes  not  act  to  the  detriment  of  honest  men.     It  was  for 
topenly  avowing  dotibu  which,  it  is  said,  others  diaorwtlr 
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Tmmain,  tliat  tb«  Bittliop  of  Nnt«l  aufferod  pcTBeouiioii; 
it  was  for  bia  putilic  fidfrlit;  to  scientifie  truth,  u  &r  u 
bis  lights  exf«Dded,  that  be  vas  branded,  evea  during  bi« 
iec«oC  visit  to  tbis  couBtiy,  as  an  *  excommuaicAted 
bcretio.'  TIic  courage  of  Dean  Stanley  and  of  the  Ma«t«r 
of  Balliol,  in  rcfereooe  to  this  question,  diaanned  indig- 
n»Uon,  snd  caused  the  public  to  overlook  a  wrong  ifhich 

;ht  not  olhcrwiH  bare  been  endured. 

The  liberal  and  istolUgent  poitiou  of  Cbrittendom 
must,  I  take  it,  dtfTer^nttate  it«elf  more  and  more,  in  word 
and  act,  from  the  faoatical,  foolish,  and  more  purely 
neecdotal  portion,  Eoligbtened  Roman  Catiwltea  are 
tnoro  especially  bound  to  take  action  here;  for  the  travesty 
of  heaven  and  earth  in  grosser,  and  the  attempt  bo  impose 
it  on  the  world  ig  more  serious,  in  tlieir  community  than 
elsewhere.  That  they  are  more  or  le«  alive  to  ii»»  state 
of  tbingB,  and  that  they  bIiow  an  increasing  cournge  and 
independence  in  their  demands  for  education,  will  be  plain 
to  the  reader  of  the  '  Apology  for  the  Belfast  Address.* 
Th«  ^  Memorial  *  there  referred  to  was  the  impatient  pro- 
test of  barristers,  physiciawi,  surgeons,  solicibois,  and 
liolars  among  the  Catholics  tbemsalres.  They  must  not 
their  presure  nor  relinquish  their  demAods.  For 
spiritual  guides  live  ao  exclufdvely  in  the  prc-ecicn- 
tific  past,  that  even  the  leoUy  strong  intellects  among 
them  arc  reduced  to  atrophy  as  regards  scientific  truth. 
Kyee  tbcy  have,  and  soo  not ;  ears  tbey  have,  and  bear 
sot  I  far  both  eyes  and  ears  are  taken  poswssion  of  by  the 
sight*  and  sonn<)i  of  another  age;.  In  relation  to  Scienec, 
tiie  Ultramontane  brain,  tiiroog^  lack  of  exercise,  is  virtu- 
ally the  undeveloped  brain  of  the  child.  And  thus  it  is  that 
as  children  in  scientific  knowledge,  but  im  potent  wjelders 
of  Epirituol  power  among  the  ignorant,  they  count«nanee 
and  enforce  pmctiofls  soffioient  to  bring  the  blush  of  shame 
to  the  cheeks  of  the  more  intelligent  among  themselves. 
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Such  ia  Um  tone  otauiy  education,  when  nuuntabelj 
and  perpetnatMl  b;  the  habiLs  of  inilMeqnetit  life ;  sank  tlio 
ftooDd  of  peril  in  alloiriag  the  whooU  of  a  Batinn  t«  Ul 
ipUi  Ultramv>uUuio  Uanda.   Let  any  aU«  Calholic  ctadvnt,     ' 
fitirif  educated,  and  not  iret  cntmped  b;  laoenlDtaliiBi,  get     I 
[•  Mai  acimtific  gra^  ^f  ^^  magnitude  and  orgaoitttioB  «f 
liis  tmiTsraft.  I^el  him  Mt  luidvr  the  immeasmUe  beanos     i 
watdi  the  >tan  Ja  tbeir  counedt,  ican  tho  mysterious  eebalA 
mad  tf;  to  realise  what  it  all  ia  and  nMaiu.     Let  hin  bring 
Fthe  thoughts  and  oonceptioDs  which  thus  enter  his  nuDd 
^faee  to  fiMe  with  the  nations  of  tlie  gtmcmn  and  role  of 
tltiogs  whii^  pervade  the  writitiji^  of  tfa«  priuces  of  hii 
Chunhf  and  he  will  see  and  frvl  what  drivcUere  even  MO 
of  stJvBuous  intelleots  may  become,  through  oxdwin^ 
dwellini;  and  dealing  with  tbeologieal  chiroenis. 

Hut,  quitting  the  mote  grotesque  forms  of  tho  Tbuoli}- 

gicai,  I  already  we,  or  think  I  see,  emerging  frum  reeent 

^diiouHUMis,  th^  wonderful  [dasticity  of  the  Thi>i»tic  Hm 

vhieh  enables  it  ta  maintain,  through  many  changes,  lU 

HboU  upon  niperior  minds ;  and  which,  if  it  i*  to  bit, 

riU  erentually  enable  it  to  Umpn  iuvlf  jn  accordance  with 

'aaientifio  oonditious.     I  notice  this,  for  ipstanoe,  in  tlis 

philosophic  sermon  of  Dr.Quany,aiid  more  markedlyitiU 

in  that  of  Or.  Byd«r.     '  Thero  pervades,*  aayv  tlie  Becbu 

of  Oonnybrook,  'these  atoms  sod  tlut  illimitable  uniT«ac 

that  "  cboii  of  heaven  and  furniture  of  earth,"  which  of 

.  atoms  is  built  up,  a  certain  force,  known  in  its  ms^ 

form  by  Uic  nunc  of  ^  life,"  wkiek  may  be  fc- 

ffardfd  aa  tJie  ultimaU  eaaence  tif  vaatUr'     And,  speaking 

of  tl>e  awful  soaieh  of  the  intellect  for  tlte  infinite  Creator,  ■ 

and  of  tlie  graro  difficulties  which  enoompasa  the  subject," 

the  same  writer  says:  '  We  know  from  our  sensM  fiaite 

^existenoeB  only.     Now  we  cannot  togicaily  infer  the  et> 

ace  of  an  iu6nite  God  irom  the  greatest  conceivahls  , 

Qomber  of  finite  existences.     Hiere  must  always  obviouslj 


IKTBODCCriON. 


S29 


be  more  in  the  eondueion  than  in  the  pFemitaes.'  Such 
lanf{uage  ia  new  U>  tho  pulpit,  but  it  will  become  leta  aad 
leM  me.  It  in  oot  tho  poeta  wid  philosopheTs  among  our 
UieotogiaoB — and  in  our  dajr  tho  philosopher  who  wasders 
berond  the  strict  boundary  of  Sci«Dco  n  mon  or  leca 
merged  ia  the  poet — it  is  oot  thene,  who  ftH;]  tlj«  lifo  of 
religion,  bat  the  mochanioa,  who  cling  to  iU  scaflToldiug, 
that  are  most  aoxioua  to  tie  the  world  doirn  to  the  utv- 
tflDBble  cotioeptions  of  an  uncultivated  past. 

Before  tii«  is  asothcr  printed  «cnnon  of  a  different 
ebaracter  from  tha*e  juat  referred  to.  .  It  i«  entitled 
'The  Necessary  IJmit«  of  Christian  Evid«ncee.'  lU 
author,  Dr.  Keicbel,  baa  been  frequently  referred  to  as  an 
authority,  particularly  on  personal  subjecta,  during  recent 
disctuaions.  The  aermon  was  first  preached  in  Belfajit, 
and  aftera-ards,  in  an  amplified  and  amended  form,  in 
the  Exhibition  Building  in  DuUin.  In  passing,  I  would 
mnko  a  sJojjIe  remark  upon  its  opening  paragraph.  This 
contain*  an  argument  regarding  Chrint  which  I  have  fre- 
quently liMtrd  uMid  in  aiibatance  by  good  men,  Uiough  never 
before  with  the  grating  emphasis  here  employed.  '  The  irt- 
Eurrectitm  of  our  Saviour,'  says  Dr.  Reichel,  *  is  the  central 
fact  of  Christianity,  Without  Uis  resurrection,  His  birth 
and  His  death  would  Itavc  bocn  uliko  unavailing;  nay 
more,  if  lie  did  not  n»c  from  the  dead,  His  birth  was  the 
birth  of  a  baiilani,  and  His  death  the  death  of  an  impostor.' 
Tliia  may  be  '  orthodoxy ; '  but  entertaining  the  notions 
that  I  do  of  Christ,  and  of  His  incomparable  life  upon  Uie 
earth,  if  the  momoataiy  use  of  tho  term  '  blasphemy ' 
were  granted  to  mo  by  my  Chriatian  brethn-n,  I  should 
Aiel  tncliood  to  employ  it  here. 

Better  instructed  than  he  had  boon  at  Bel&st,  the 
orator  in  Dublin  gave  prominence  to  a  peiaooal  argu- 
ment which  1  have  noticed  eVwhere.'  He  h«  been 
■  'XftiUgj  tar  BMim  Addrcsi.' 
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Ibllowt^d  in  Uui  pnrUculmr  b;  the  BiHliop  of  MeaUi 

[otber  eelimable  persons.  Tills  ia  to  bo  n^7eU«d, 
|«aii>e  in  dealing  witb  these  high  theiOM  the  miiid  ought 
'  to  be  tbe  seat  of  dignity — if  posiiUe  of  chivalr; — biu 
etataiolj  Dot  tbo  erat  of  littleoeeB.  *  I  propoee,*  n.Ti 
tfafl  preacher,  '  nwldag  »ome  reansrlu  on  ibo  doctrini? 
^tbiu  propmindcd  [in  BolGut].  And,  first,  lest  anjr  of 
dwuld  be  naduly  traprewcd  bj  tli«  mere  aulhoHt; 
of  its  proponnder,  as  well  m  hy  tho  fluent  grace  with 
which  he  sets  it  forth,  it  ia  nglit  tlutt  I  should  tell 
f  joii,  that  these  conclusions,  though  given  out  on  an  occa- 
sion  which  apparently  stamped  them  with  the  genoial 
approbation  of  the  scientific  world,  do  not  posess  that 
approbation.  The  mind  that  arrived  at  them,  and  dlf- 
plared  thorn  with  so  much  complacency,  is  a  mind  troinod 
in  the  school  of  m^re  experiment,  not  in  tho  stody,  but 
in  the  lubomtory.  Aocordiogly  the  liigbest  mathematical 
intellects  of  the  Atsoaiation  disclaim  and  repudiate  the 
theories  of  its  President.  In  the  mathomRtical  lavs  to 
which  all  material  phenomena  and  substances  an  each 
year  more  disiinetly  perceived  to  be  subordinated,  they 
itce  another  side  of  Nature,  which  hat  not  iropiessed  itaeU 
ufXHi  the  mere  exporimcDtallHt.* ' 

lo  view  of  the  new  virt-ttc  here  thrust  apon  the 
mathematician,  D'AIemberl  and  lApIaee  present  a  diffi- 
culty, and  vre  are  left  witboQt  a  duo  to  tlio  peculiar 
orthodoiy  of  Helmholtx,  Clifford,  and  other  distinguUbcd 
mm.  As  regards  my  own  mental  training,  iuasmucb 
as  my  censors  think  it  not  honcatb  them  to  dwell 
upon  a  point  »o  Email,  I  may  sny  that  the  foregoing 
etatemont  is  incorrect.  The  separation,  mutoovcr,  of  tho 
'  study '  from  the  '  labontory  *  is  not  admisniblo,  because 

•  '&  bt  ihfw  Takiik.  di*  OtfioeT,  g«fM  wddu  it*  ntdria  twM 
•omnefaUn  TW»ig«D.  TWCehtBeb  *u  b«li>DJ>U,  nmi  allnihlidi  la  da 

I  to  tbnr  tmlSMBt  of  Ds.  DaUntn.    It  it  tnia  of  othcM. 
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tlte  laborntoTj  is  a  '  study '  in  which  sjmbot^  give  place 
to  oktunil  thett.  The  word  Mt^vopotamin  is  aid  toburc  n 
•acred  unction  for  many  mindii,  and  pwsiUy  t)iv  title  of 
my  *  Insugurat  Diasertation '  at  Marbui^  may  hav«  an  Affect 
of  this  kind  on  my  right  reverend  and  rererend  critics  of 
the  new  mathematical  school.  Here  accordingly  it  is: 
'Die  Sdimubcnflichs  mit  genri)rter  ETZciiguDgslinio, 
iind  die  6edinguog«n  dc«  Gleiobgt^wichtii  auf  aolch<tn 
Schrauben.'  A  little  tendcmeaa  may,  perhapf,  flow 
tofraida  me,  aflei  tfaeee  words  have  made  it  known  that 
I  begui  my  narrow  Bcienti6c  life  less  as  an  experimentalist 
than  S8  a  matbematiciao. 

If,  u  assorted,  *th«  bigfae«t  mathematical  intellects  of 
the  Association  disclaim  and  repudiate  the  theories  of  its 
Presidcflt,*  it  would  be  their  bouudvn  duty  not  to  rest  oon> 
tent  with  (his  more  second-hand  utterance.  Thoy  ought 
to  permit  the  Uglit  of  life  to  stream  upon  us  directly  from 
themaelres,  iDst«ad  of  Mndlng  It  througb  the  rude  pole- 
moaeope*  of  Dr.  KmcbeL  But  the  point  of  importance 
to  be  impressed  upon  him,  and  upon  tbose  who  may  bo 
tempted  to  follow  him  in  bis  adventurous  theories,  ii*, 
that  out  of  Mnlhematic*  no  nivatjon  for  Theology  can 
pocBibly  come. 


By  «uch  reflections  I  sm  brought  lace  to  &oe  with  an 
ay  to  wbiob  my  attention  ha«  been  directed  by  several 
estimable,  and  indeed  eminent,  persons,  as  demanding 
serious  oonsidoration  at  my  bands.  I  refer  with  pleosiiro 
to  the  accord  subsisting  between  tho  Kcv.  James  Maiti- 
neau  and  myvelf  on  cvrtnin  points  of  biblical  Coa- 
megouy.  '  In  bo  far,'  says  Mr.  Alarttneau, '  as  Church  be> 
lief  is  still  ooDunittcd  to  a  given  Coemogony  and  natural 

>  ■  Aa  oUiqM  pfnpcctin  gtoM.  for  •»ia|t  ol jmU  not  dlrwcly  UAm 
ikn  ■?«■' — Wtiiltr.  Tk>  met*  obliifnltj,  Dr.  Beidi^s  laitniiD«Dt  idds 
aumoM  of  eoaitnMkiSu 
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ory  of  auD,  il  lies  open  to  soienlific  refutAtion.' 
Id  :  *  It  tuTDS  out  that  witb  the  siid  and  moon  sn 
and  in  ant)  on  the  earth,  before  and  ailcr  tJie  A|>p(arance  ef 
our  race,  quite  other  things  havr  hnppcucd  tbu  thoao  which 
the  sacred  Cosmogony  rccili.^.'     Once  more:  *Th«  wbnU 
hi«toiy  of   the  geoeidit  of  tilings  Religion    tniut    mln 
render  to  the  Sciences.'   Kinally,  still  more  emph&ticullT : 
'  In    tlie  inveetigattoD  of  the  genetic  order  of  tliii^ 
Theology  is  &n  intruder,  and  must  stand  aside.'     T 
expreestw,  onlj^  in  vord«  of  fuller  pitJi,  the  views  whic 
ventured  to  enunciate   in    Bclfut.     'The  impregnable 
position  of  Science,'  I  there  aj,  'maj  bo  rtatod  in  a  few 
kwords.     We  claim,  and  we  fluiU  wrcxl  from  Tbeology,  tiie 
entire  domain  of  Coonologioal  theory.'    Thos  Theology, 
so  far  as  it  ia  lepreKnted  )>y  Jblr.  Martitteau,  and  Scicn< 
'  far  as  I  understand  it,  are  in  ahfioliite  harmony  licre. 
But  Ht.  Martincau  would  have  ytst  rraron  to  com- 
plain  of  me,  if,  by  paitial  citation,   I  left  tny   readers 
under  tlie  impression  that  the  agreement  between 
complete.     At  the  opening  of  the  eighty-ninth 
of  the  Manchcstor  New  College,  London,  on  October 
1874,  he,  it«  principal, ddivcrcd  the  Address  from  wbicb  1 
^bare  quott-d.     It  beant  Uic  title  '  Religion  as  affected  by 
lodern  Jlatcrialism ; '  and  ita  references  and  general  tone 
make  evident  the  depth  of  its  autlior's  di»coat«nt  wHb 
my  previous  deliverance  at  BelEast.     I  find  it  difficult 
grapple  with  the  exact  grounds  of  this  disoonteoL     Ii 
deed,  logically  considered,  the  impreenoo  left,  upon  my 
mind  by  an  eesay  of  great  esthetic  merit,  containing  many 
passages  of  exoceding  beauty,  and  many  esBtnnents  whitfc 
none  but  the  pure  in  heart  could  niter  as  they  are  nU«r«l 
lier«s  in  rague  and  unsatis&ctory.     ll>e  author  appon 
at  times  so  brave  and  tiboral,  at  times  so  timid    and 
captious,  and  at  times  so  imperfectly  informed  regardity 
the  position  be  assails. 
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I  At  Ute  outset  of  bU  Address  &Ir.  Martineau  states  with 
dutinctnees  Us  *8oorcesof  religious  feitb.'     Tit6y 

two — '  the  eorutiny  of  Nature '  and  '  the  interpretation 
of  Sacred  Books.'  It  woidd  have  b«m  a  thcmo  worthy  of 
his  iotelligcnce  to  have  dudtictd  from  {)ic«c  two  >ouroM 
his  rvUgioo  as  it  staitda.  But  not  another  word  i«Mud 
shout  the  *  Sacied  Books.*  Having  swept  with  the  bejom 
of  ScietMe  various  '  books  '  contemptuoualy  away,  he  does 
not  define  the  Sacrod  n-sidue ;  much  leas  give  us  tbe 
r«ux>DS  why  tic  deems  thrni  raernl.  Him  refercnocs  to 
*  Nature,*  oa  the  other  liand,  are  miigiiiftceiit  tirades 
against  Nature,  iiitei)<le<!,  a]>pa[Ktitly,  to  mIiow  the  wholly 
abominable  character  of  mait'«  anteoedetits  if  the  theoij 
of  evolution  be  true.  Here  also  his  mood  lacks  steadineM. 
W  bile  joyfully  accepting,  at  one  place, '  tbe  widening  »{ lace, 
the  deepeoiDg^-ietas  of  time,  the  detected  marvels  of  physio- 
logical stnicture,andtberap:d  fill  iog-in  of  the  missing  links 
in  tbe  chain  of  organic  Life,'  ho  fiills,  at  aootber,  into  laments 
alion  and  mourning  over  the  very  theory  which  renders 
■organic  life '  *  a  diain.*  He  chiims  the  laigeat  liberality  for 
his  sect,  and  avows  its  contempt  for  the  dangers  of  possible 
dlsoorcry.  But  immediately  sflerwardii  he  damagw  the 
claim,  and  ruins  all  confidence  in  the  avowal.  H«pn>feaM 
sympathy  with  modom  Science,  ud<I  almost  in  the  same 
tnvath  he  treats,  or  certainly  will  he  undenttMKl  to  treat, 
tfa*  Atomio  Theory,  and  the  doctrine  of  the  Conservation 
of  Encigy,  as  if  they  were  a  kind  of  Ktcntiiic  tliimUc- 
ri^cry. 

His  ardour,  moreovar,  renders  him  inaceuiate ;  causing 
Iiim  tc  see  discord  between  Ecienlific  men,  where  nothing 
bat  harmony  reigns.  In  his  celcbntt<.Yl  Addrcw*  to  the 
Coi^ms  of  OemuLD  Naturforscher,  delivered  at  Leipzig, 
tbnw  years  ago,  Du  Bois  Keymond  speaks  thus :  '  What 
coneeivaUu   connection  subuMs  between  defiuitn  move- 

aU  of  definite  atoms  in  my  brain,  on  the  one  hand. 
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and  on  the  otlicr  hxnd  siioli  primordial,  indi^finsl'lr,  ub> 
deoiaU«,  IncU  u«  tIio«e :  I  fe«l  pain  or  plciuure ;  1  ex- 
peri«ooe  a  nreet  taste,  or  emell  a  rose,  or  hear  an  argta, 
or  Me  »omethiiig  r«d.  ...  it  U  absolutely  and  for  e*t 
iDooneeirable  that  a  numbor  of  caitxni,  hTdrogvn,  oit 
gea,  and  o^geo  atoms  should  he  otherwiso  tbao 
tettat  as  to  their  oirn  position  and  motion,  pstt, 
or  fotnre-  It  is  utterly  inconcvirable  how  oooscioti 
sboold  Tcstilt  from  tli«ir  joint  action.' 

This  language,  wliid)  was  tpoken  in  1872,  Mr.  Mar- 
tincau  '  freely '  tra)uUt«s,  and  qnotea  agalnA  me.-  Ilie 
•ct  is  due  to  a  miEapprebcnsion  of  bis  own.  ETideace  li 
at  hand  to  prove  that  I  emplojed  tbe  tame  lanfiago 
twenty  yean  a)>o.  It  is  to  bo  found  in  tbo  'Satufdaj 
Review' for  I860;  but  a  nifScient  illustration  of  theagnft- 
ment  bciwera  my  friend  Du  Bois  B«ymoDd  and  mfuU, 
is  fumi^hrd  by  tlio  discounwoD  'Scientific  Mat«rialina,' 
deliver^  in  1868,  then  widely  oirciilated,  and  reprinted 
here.  With  a  liule  attention,  Mr.  Martincau  woold 
have  Men  that  in  tbe  very  Address  hia  eisay  crKfdM*, 
precisdy  tbe  same  position  is  tnaintaioed.  *Ton  con* 
not,'  I  there  say,  *  satisfy  the  btnnas  understanding  is 
its  demand  for  logical  continuity  between  molecular  fro- 
ccstcs  and  the  phenomena  of  conseioumecik  This  is  s 
rode  on  wliich  materialism  must  inevitably  split  wbeo- 
erer  It  pretends  to  be  a  complete  pbilosophy  of  tbe  bttran 
mind.* 

*  Tbo  affluence  of  illustration,'  writee  an  able  and  syvK 
patbotic  reviewer  of  Uiis  essay,  in  the '  New  York  Tribune,' 
*iii  wbioh  Mr.maitiaeau  delights  oAen  impairs  tbe disUnct- 
neiB  of  bis  statflOMfltU  by  diverting  tbe  attoataon  tl  the 
render  from  tbe  essential  points  of  hi*  dirtuaioa  to  tb» 
beauty  of  his  imagery,  and  thus  diminishes  IbHr  power  of 
eonvictiua.'     To  the  IcauliM  here  refenad  toIlKxri 
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testiioony ;  but  the  esceasee  touched  upon  reach  &r  be- 
yond tbe  reader,  to  thoir  primal  seat  and  Mun-a  in  Mr. 
Martioeaii's  own  mind ;  mixing  together  thara  thing:* 
that  ought  to  be  kept  spart ;  producing  va^eneu  where 
prociaJAD  i«  tlic  i>o«  tiling  uvirdfid;  poetic  fervour  where 
we  re<imre  judicial  calm ;  and  practical  un&imess  where 
Uw  atiictest  justice  ought  to  be,  nod  I  willingljr  believe  is 
Baeaat  to  be,  obwn'ed. 

la  one  of  bis  nobler  poiuageai  Mr.  Klartinenu  tells  as 
liQW  the  pupils  of  his  oollege  have  been  educutcd  hitherto : 
*They  have  been  trained  ander  th« assumptiona  (iHt)  tluit 
the  Univene  which  iDL-ludes  us  and  folds  ns  round  ia  tbe 
liie-dwollin):;  of  an  Eternal  Mind  ;  (2iid)  that  the  world  of 
our  abo<lc  is  the  s<.-«uc  of  »  moral  goTcmmont,  ittci[Heot 
bnt  not  compli^;  and  (3rd)  Uuil  Uie  upper  zones  of 
human  aOecUoo,  above  the  clouds  of  self  tad  paanon, 
take  us  into  the  sphere  of  a  Divine  Commuaion.  Into 
this  orer-aicbing  sc«n«  it  is  that  growing  thought  and 
enthusiasm  have  expanded  to  catch  their  liF^fat  and  fire.' 

Alpiue  sumraiU  must  kindle  above  tho  mouiitaioeer 
who  reads  tltcM  stirring  words  t  I  see  their  beauty  and  fool 
ttudr  life.  Hty,  in  my  own  feeble  way,  at  tbe  close  of  one  of 
the  essays  here  printed,  I  thus  affirm  tbe  '  Communion ' 
wbioh  Mr.  Martineau  calls  '  Divine': ' "  Two  things,"  said 
InuDUiael  Kant,  "611  mo  with  awe — the  starry  heavens,iuid 
tbe  sense  of  moral  responability  in  man.^  And  in  his  koiiM 
of  healtli  anil  strength  and  sanity.  whi;n  the  stroke  of  aotion 
has  ceased,  and  the  pause  of  rcHeotion  luis  s^rt  in,  tlte  sciei^ 
Lifio  inrestigator  finds  himself  ovcr^adoKixl  by  the  same 
awe.  Breaking  contact  with  tho  hampering  details  of  earth, 
it  associates  him  with  a  power  which  gives  fulnessand  lone 
to  his  uxintenoe,  but  which  he  can  neither  analyse  nor 
ciimprehend.' ' 

■  In  Uii  One  Pnfix*  toUi*  -BtirMS  Addnw' Inermdio  ■faoanal 
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Though  '  ItDOwlodge '  ia  horo  diiavowcd,  the  'I 
of  Mr.  Mmtiueau  nad  mywiLf  are,  I  tliink,  xery  much  alike' 
Butt  ootwithftaodiug  the  mutual  indvpendeoce  of  rellgims 
fwting  nod  u\)jfictiTe  knowledge  tbos  demonstntfd,  be  aea- 
sur««  me — almost  denounces  m&— for  Teferriag  ReligiOD  to 
the  region  of  Emotion.  Surely  he  ia  inconsuteot  h«n. 
Tho  foregoing  vorda  refer  to  od  inward  hxiia  or  tmnpen- 
tun>,  rather  Uiao  to  an  cxtAroal  olijoct  of  thought.  When 
[  attempt  to  give  tho  Power  which  I  tn-e  inaQifc«ted  In 
tho  Univentffi  an  ohjective  form,  perftonal  or  otherwuK,  it 
tilip*  away  from  me,  declining  all  intollectual  manipula- 
tion. 1  dam  not,  eavp  po^.-tically,  usa  the  pronoun  *  Ho' 
Tc-gardJDg  it ;  I  dare  not  eadl  it  ft  *  Mind  ; '  I  nfuac  to 
nit  it  even  a  'Cauac.'  11.4  mystery  ovetahsdowi  me: 
but  it  remains  a  myiteiy,  while  the  objective  ftam^^ 
which  my  neighbour*  ti^  to  laake  it  fit,  vmply  diituijH 
and  desecrate  it. 

It  la  otherwise  with  Mr.  Martineau,  and  henee  his 
dlsoostent.  llo  profeseea  to  humt  where  I  only  daim 
to/wL  He  could  make  his  contention  good  t^^ainat  nv 
if  bo  would  tranatbrm,  by  a  process  of  verificatioOf  tlw 
foregoing  three  aasutnptionii  into  'objective  ):i>owlodge>' 
But  be  makes  no  attempt  to  do  «>.  They  remain 
assumptioDs  fiom  tho  bej^uning  of  his  Address  to  iU  tod. 
And  yet  bo  fmiticntly  uhm  tbo  word  '  uttvciiBed,*  as  if  it 
were  fatnl  to  tlie  position  on  which  its  incidcnm  &lijL  *  The 
scrutiny  of  Natiuw '  in  one  of  his  sources  of  *  religious 
faith  : '  nbat  logical  foothold  doea  that  scrutiny  fumiiti 
on  which  any  one  of  the  fore^ing  three  ucunptiMi* 

FlMrnn*  aikI  rijtnur'  lU  f.Mir  jt*n  prrriouiij  I  liwl  rttwmi  to  ksn  J 
■bralcb  •H'I  Knmgtii  aoil  hd^;;' aid braapht  dawn «pon  mpaltiatM^ 
ifwtof.»taiiMmitU amviKi ot tiiic-mia,  Whj, J tMorttot.  F«««r*!;t:* 
not  vka  •Utvy  aAn  It  i^ultoniiiii  bmI,  or  tAra  anftiiiig  trem  Afl^p^ 
or  Biau  ahia  t,o«Mim]  bj  oi  ■rithnntja*!  protUm  J»iiimJlm  MMiiatnbJ 
tbmsrht.  tktt  «•  o«M  mart  liir  Ih*  *)t*n;hM>«MOt  Uwmoiw  at  i 
dtAUxj  In  nun,' 
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eould  t»e  plantml  ?  Nature,  according  to  his  picturing,  is 
base  and  cruel :  what  is  tho  inft-rcnco  to  be  drxwo  rpgxrd- 
injr  ju  Author?  If  Nature  be  'red  in  tontb  nod  claw,' 
who  i.i  responalMft  ?  On  a  Uindlcai  nature  Mr.  MarLiDeau 
puius  the  full  torrent  of  his  gorgeoiu  invective  j  but  could 
the  '  assumption '  of '  an  Hteroal  Mind ' — even  of  &  Beo^ 
fi(X*nt  Kt«ntal  Mind — render  the  world  objectively  a  whit 
Ins  in<-nn  and  lu^lv  than  it  ie  ?  Not  an  iota.  It  is  man's 
feelings  and  not  external  phtiiomcDa,  tliat  arc  inl1u4^cc<d 
hy  the  aKuimpUun.  It  adds  not  a  ray  of  light  nor  » 
atmin  of  music  to  the  objective  sum  of  thinga.  It  doca 
not  touch  the  phenomena  of  physical  nature — stonn,  6ood, 
or  fire — nor  diminish  by  a  pang  the  bloody  combata  of 
the  animal  world.  But  it  docs  add  tbe  glow  of  reli- 
gious emotion  to  thii  human  son],  a«  represented  by  Mr. 
Marljncnu.  Beyond  tliii  I  defy  him  to  go;  and  yet 
he  nwhly— it  might  be  said  petulantly— kiek*  away  the 
only  philosophic  foundation  on  which  it  is  pnimiblo  for  him 
to  build  his  reli|^oD. 

He  twita  incidentally  the  modem  scientifio  interpreta- 
.lion  of  nature  because  of  its  want  of  cfacerfulaoss.  '  I/Ot 
new  future,*  he  says,  '  preach  ibs  own  go«pel,  and 
\'*iw('j  if  it  can,  the  means  of  making  the  tidings  jtad.' 
u  a  ootnmon  argument :  *  If  you  only  know  the 
ifort  of  Wliefr  My  nply  to  it  is  thiit  I  choose  tlie 
bUer  port  of  Emerson,  wbe.n,  after  variouH  disenchant- 
meats,  he  exclaimed,  *  t  covet  tru(A ! '  The  gladnesa  of 
trao  IicroiEm  visits  the  heart  of  him  who  is  really  compe- 
ait  to  ny  this.  Bi'^ides,  *  [gladness '  i*  ma  emotion,  and 
r.  Martiueau  Llirordically  feoms  the  emotional.  1  am 
however,  sc()iiainted  with  a  writer  who  draws  more 
;ely  upon  this  souioe,  while  nii>t:iking  it  for  something 
bjective.  'To  reach  the  Cause,'  he  says,  'there  is  nonrod 
logo  into  the  pu(4., as  though  being  missed  hero  lie  could 
be  found  ihi^re.      But   when  once  He  bM  bean  appro- 
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headed  bjr  tb«  proper  orgtns  ot  diviue  a]>{»r«heiuKiB, 
tbe  vbolo  lift.'  af  HumuiitT  is  recognUed  an  tite  teeaa  d 
Hi<  Bgenc^'.'  Tbat  Mr.  SlarUneau  should  liave  livi;d  w 
long,  thougbt  90  much,  and  failed  lo  i«co^tiise  tbc  en- 
tirety subjective  chuactcr  of  this  ereed,  is  bighlv  iih 
■traetirci.  Hit  'proper  orgua  of  diviuo  spproheDfiou ' 
— deaird,  I  may  ay,  lo  wnoo  of  tbc  greatest  iiit«UM>> 
«ad  noblest  men  in  this  nod  other  age* — lie  at  tlw  toy 
eorc  of  bii  euioUoDB. 

In  GkI,  it  is  when  Mr.  Martioeau  is  motrt  purdy  emo- 
tional that  be  scorns  tbe  emotions;  and  it  is  when  b«  is  raott 

^|>ur«ly  subjective  tbat  be  rejects  subjectivity'.     He  payi  a 

'just  and  liberal  tribute  to  tbe  cbuuctcf  of  Jubn  Stmit 
Mill.  But  in  the  Light  of  Mill's  ptiilompby.  beneTolen»t 
bonuur,  piirily,  barin|; '  shrunk  into  mere  unnccnKtit<d 

'subjective   susceptibilities,   have    lost  all   siippoit  (hun 
OmniscieDt  approval,  and  all  presomable  accordance  with 
be  reality  of  things.'     If  >!/.  Martinoau  had  given  Ibom 

'ftny  inkling  of  tlie  prooi-M  by  wbicli  be  rendors  tbe  '  sub* 
jwt)\«  stuioeptibilitieB '  objective,  or  bow  lie  arhTn  at 
ail  objective  ground  of  '  Omniscient  appru\'al,'  grati- 
tude from  bis  pupils  vould  have  been  bis  jtuet  metd. 
But,  as  it  is,  ho  Icavn  them  toet  in  on  iridescent  cloud  of 
irords,  after  exciting  a  dodre  which  be  is  inoompet«9it  to 
sppeafc. 

'  We  are,'  be  tays,  in  anutber  plaee, '  for  ever  sbapuif[ 
our  representations  of  invisible  things  into  funns  of  d^ 
Suite  opinion,  and  throwing  them  to  tbe  front,  u  if 
they  were  the  photographic  cqiiivaloat  of  our  real  fcitli- 
It  is  a  delusion  wbich  affects  tu  all.     Yet  somehow 

,ttWMice  of  our  n-ligian  never  finds  it^  way  inLi   tbe 
tines  \)t  theory :  an  wti  put  thetu  togcthvr  it  slips  amy 
and,  if  we  turn  to  pursue  it,  still  retreats  behind ;  et 
ready  to  work  with  tbe  will,  to  unbind  and  sweetoo 
aflfectioQs,  and  bathe  tbc  tifo  with  reverenoe,  bot  rtf 


INTBODUCTIOS. 


saB 


U>  be  seen,  or  to  pass  from  a  divioo  hue  of  Uiinkitig  into 
a  faamaD  paU«ni  of  tbought.'  This  is  veiy  beatiUful,  and 
m&ioly  so  becftUM  Ui«  man  who  uU«ra  it  obviously 
briaga  it  all  out  of  the  treasury  of  bis  own  hoart.  But 
tbe  '  bue '  and  *  pattern '  beie  so  finely  spoken  of,  are 
neither  more  oor  less  iban  that  160101100,*  on  the  one 
band,  and  that  *  objective  koowlcdgv,'  od  tho  other^ 
■faiiUi  have  dnwn  Ibis  suicidal  Gre  front  Mr.  Martineao*s 
battety. 

I  now  ooDie  to  one  of  tbe  most  serious  portions  of 
Mr.  Martiocau's  pamphlet — ferious  far  less  on  account  of 
its  '  pcnooal errors,'  tb&n  of  ita  iotriusic  gravity,  though 
its  aothoT  baa  thought  St  to  give  it  a  witty  and  sarcastic 
lone.  He  analyses  and  oriticiseu  '  the  materialist 
doctrine,  which,  in  our  time,  is  proclaimed  with  so  miicb 
pomp,  and  resisted  with  so  mucb  pAssion.  "  Matter  is  all 
I  want,"  eaystlie  pbysicivt ;  "give  me  its  atoms  alone,  and 
r  will  explain  tbe  UDivente." '  It  is  thought,  even  by  Mr. 
)[artiaeau's  iutimato  friends,  that  in  this  pamphlet  be  is 
answering  me.  I  must  therefore  ask  the  reader  to  con- 
tnit  tbe  foregoing  travesty  with  what  I  really  do  say 
rvgardii^  atoms:  *  I  do  not  think  that  be  [the  material- 
istj  Is  entitled  to  say  that  bis  molecular  groupings  and 
motions  explain  evarythiog.  In  reality,  they  expUio 
nothing.  Tb«  utmost  he  can  affirm  is  tho  oesociatjon  <^ 
two  cUssn  of  plu^nomeas,  of  whose  reml  bond  of  union  lio 
is  ID  abwlute  iguoranoe.' '  This  is  very  dilTeient  bom 
saying,  *  Give  me  its  atoms  alone,  and  I  wilt  explain  tbe 
universe.'  Mi.  Mortincau  continues  his  dL-ili>gue  with  the 
physicist ;  '  **  Good,"  he  t>ays ;  "  take  as  many  atoms  as 
jou  please.  See  that  they  have  all  that  is  requisite  to  Body 
[a  metaphysical  B],  being  homogeneous  extcoded  solids." 
"Ttttt  is  not  eoougb,"  be  replies;  "it  might  do  ba 
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DMBoaritoM  sad  the  atttbenaddsns,  bat  I  miut  ban 
i>ini>tttti?T*g  Biare.  Tbe  ahxna  mot  not  only  Iki  in  notiooi 
Mid  of  noiiNn  ihapo,  but  kIm  of  u  many  kiods  u  that 
an  I  liMiii  il  T^TTT**"** ;  for  bow  eonld  I  ever  gel  water  if 
IbadonljhTdnemdaneaUtowDrkwitli?"  ''SobeiC 
Hr.  MkrtineAD  cmMuts  to  njAj,  **  only  this  is  a  considct^ 
able  colargemcnt  of  your  fprcsSed  dibtm  [wbene,  iad 
iijr  wbom  wpudUUd?'} — in  £ict,  *  ocntTenlon  of  it  luta 
•evcx&l ;  yet,  eren  at  tbe  eoet  of  its  maaism  [pat  intii  it 
by  Mr.  Ittartineau]  yonr  scheme  seems  hardly  to  gaia 
iU  cad;  for  by  what  numipnUtion  of  your  iswKinM 
will  yon,  for  example-,  oAtnee  ConseioucDeM ? "' 

Thii  mdjt  like  pleasaDtry,  but  it  deals  witb  wdon 
Uiinp).  Fm  th«  lut  seven  years  the  question  pnpoMd 
by  Mr.  Martineau  and  my  answer  to  it  havo  been  oeeos- 
ible  to  alL  Tbry  are  al«o  given  in  this  volume.  Hor?, 
briefly,  ia  tlie  quoctioa:  *A  man  can  say,  "I  fed,  I 
tbink,I  love,"  but  bow  does  coDBcionsncaBinfase  itself  istn 
the  problem?'  And  hero  is  the  answer:  *Tho  jnsafc 
fjum  the  physica  of  the  bcain  to  the  ooneHpondinj;  fa<4s 
of  Luuiniuiniiniw  ia  unthinkable.  Granted  Uiat  a  dcfiiul« 
Utought  and  a  definite  molecular  action  in  the  hmia 
oecur  aimullaneonsly ;  we  do  not  poMcae  the  iiiteU(>ct«al 
organ,  nor  apparently  any  rudiment  of  the  organ,  wf.'--i 
would  enable  us  to  pass,  by  a  process  of  rvajsiinin^,  frooi 
the  one  to  the  other.  Tbey  appear  together,  btit  «e 
not  L-now  why.  Were  our  minds  and  senses  so  expandr 
strcngiheDed,  and  illuminated,  as  to  enable  as  to 
feel  the  very  molecult«of  the  brain;  were  we  capalile  nf  fd 
lowing  all  their  motions,  all  their  groupings,  all  tlia 
wleetric  discharges,  if  nich  tht-Jre  be;  and  wcrr  wc  in 
matelyaequaiuteil  withtheeorri'«]K>Ddingslat(!H  ufl 
and  feeling,  we  ahotdd  be  as  far  as  ever  from  thit ' 
of  the  prt>hltrm,  "  How  are  thcso  phwical  proct^Ks  co 
nectod  with  tbe  facta   of  cotucioufnes*?"     Tlio 
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twe«ii  the  two  olasaes  of  plituionicna  would  still  remain 
intelloctiially  impassable.' ' 

Compare  thi«  with  the  answer  which  Mr.  Martineau 
piitf  Into  the  moiilh  of  kin  phjsicist,  and  with  which  I  am 
geoerally  ciedit«d  by  Mr.  MattiiieauV  iv^dvni :  '  ^  It  [th« 
ptulilem  of  conscioaaQeM^  do<>a  oot  daunt  me  at  all.  Of 
ooiiTse  you  uodcrstand  that  all  along  my  atoma  have  been 
nffocted  by  grantntioD  and  polarity;  and  now  X  have  only 
to  in*is(  with  Fcchncr  oit  a  diflTcrcDco  among  molecules : 
tfatini  an)  Ihtt  inorganic^  whiah  can  change  only  their 
place,  like  tJie  partic-IeB  in  an  undidatioD  ;  and  tbore  are 
the  organic,  which  can  change  tiieir  ortitfr,  as  in  a  globule 
that  turns  itself  in»ido  out.  With  an  adequate  ntmiher 
of  thcM,  our  probWm  will  bu  manageable."  "Likely 
•noHgh,"  w«  may  ny  ["  entirely  unlikely,"  »y  I],  "  seeing 
bow  careful  you  are  to  provide  for  all  emergencies ;  and 
if  any  hitch  should  occur  in  the  next  step,  where  you  will 
Itavc  to  paKS  from  mere  sentiency  to  thought  and  will,  yuu 
can  again  look  in  upon  yotir  atomti,  and  fling  among  them 
a  Itandful  of  Leibnitx's  monads,  to  Berve  as  auula  in  little, 
and  bo  rcsdy,  in  a  latent  form,  with  that  Vorstcllutige- 
(ahigkcit  which  our  picturejK|uo  iut<tq>reters  of  natUFo  so 
much  prize."' 

'  But  surely,'  continues  Mr.  Marlineau,  '  you  mu»t 
oboenre  that  this  '*  matter  "  of  yours  alt«n  its  style  with 
erery  change  of  service :  storting  as  a  beggar,  with  scarce 
■  rag  of  "property"  to  cover  ita  buue«,  it  turn*  up  as  a 
prince  when  Urge  undertaliings  are  wanted.  "  We  must 
niitically  change  our  notions  of  matter,"  tays  ProfeMor 
Tyndall ;  and  then,  he  ventures  to  believe,  it  will  aiuwi-r 
all  demands,  carrying  **  the  promiic  and  potency  of  all 
rrcslrial  life:.'*  If  the  measure  of  the  required  ^'cluuiga 
:  our  notions  "  had  been  specified,  the  proposition  would 
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upon  oar  lepi  I»t>w«vcr,  nor  in  a  ehip,  nor  even  in  a 
balloot),  but  by  tbo  miud's  cyv — in  otbur  wordi;,  by  tbat 
puwcr  of  Vor«t«IIuDg  which  Jklr.  MiUtinciLu  knows  so  w«U, 
aud  wiiioh  he  so  jui^y  worn*  when  it  indulge*  in  looM 
practices. 

Compounding,  then,  the  northward  motion  of  the 
npoor  with  the  earth's  axial  rotation,  wo  track  our  fugitive 
Uiroug'b  th«  higher  atinui<phuric  rvgions,  obliquely  across 
the  Atlantic  Ocean  to  Vestern  Europe,  and  on  to  our 
familiar  Alps.  Here  another  wonderful  metammpboaii 
oceors.  Floating  on  the  cold  calm  air,  and  in  proseoca 
gf  the  cold  firmament,  tlto  vapour  condenses,  not  only 
to  paiticlea  of  water,  bill  to  particle*  of  cryHtallinc 
water.  Thcde  coalusoe  to  stara  of  anow,  which  fiill 
upon  the  mountains  in  forma  to  exquisite  that,  when  first 
Hpcn,  Uii-y  never  foil  to  excite  rapture.  As  to  beauty,  in- 
dee<i,  they  put  the  work  of  the  lapidary  to  shame,  while 
as  to  accuracy  they  vender  concrete  the  abstractions  of 
tlM)  geometer.  Are  these  crystals  '  malt«r '  ?  Without 
proctuning  to  dogmatise,  1  answer  for  myself  in  the 
aGBimatlvo. 

SUU,  a/cn-m/jfiMpOMW  has  obviously  here  come  into 
ploy  which  did  not  manifest  itaelf  in  either  the  liquid  or 
the  vapour.  The  question  now  is,  Was  not  the  power 
'  potential '  in  both  of  them,  requiring  only  the  propsr 
conditiona  of  temperature  to  bring  it  into  action  ?  Again 
1  answer  for  myaelf  in  the  affirmative.  I  am,  however, 
quite  willing  to  discuss  with  Mr.  Martineau  the  altenia- 
live  hypothesis,  that  an  impoodarable  formative  soul  unit^m 
itanlf  with  the  sulwiance  alter  )t«  escape  from  the  liquid 
•tat«.  If  be  should  e^oiiiie  this  hypothesis,  then  I  should 
demand  of  him  an  immediate  exercise  of  that  Vont^'l- 
lungs-ffihigkeit,  with  which,  in  my  efforts  to  think  clirarly, 
I  oan  never  dispense.  I  should  ask.  At  wltat  moment  did 
Um  Mnl  come  in  ?    Did  it  enter  at  once  or  by  degree* 


INTEODlXrrOK. 

perfect  firum  tlio  first,  or  growinf;  and  pcrfi-ctiog  iE 
cr>iit«mporanonHly  with  it«  oyrn  haadiwork?  I  should 
lilio  ssk  vlietlier  it  ia  localbed  or  diffused  ?  Doe*  H 
move  about  sa  ■  lonely  builder,  putting  llie  bita  of  aoUd 
ymter  in  their  plsoci  u  soon  us  the  propor  tcmpenttira 
fans  Met  in  ?  or  )»  it  distributed  tliroiigli  the  sntiro  ma* 
of  the  cryetal  ?  If  the  Utt«r,  then  the  aoni  baa  the  tbaps 
of  tbe  crjstsl ;  but  If  the  former,  thm  I  should  enquin 
after  iU  nhape.  Has  it  legs  or  iirro«  ?  If  not,  I  would 
AHk  it  to  be  tnade  clear  to  me  bow  a  thing  without  tfaew 
Hppliancee  can  act  bo  perfectly  the  part  of  a  Imildcr  ?  {I^m 
insist  on  definition,  and  ask  uniuunl  queetitma,  if  haply  ^| 
might  tbercby  banish  unmeaning  woida.)  What  were 
the  condition  and  residence  of  the  soul  before  it  jotncd 
Ihu  crystal?  What  becomes  of  it  whi-n  the  cryvtal 
U  dissolved  ?  Why  should  a  partieular  tempentor*  b« 
needed  before  it  can  ejerdse  its  vocation  ?  Finally,  b 
the  problom  before  wiin  any  waysiuiplifiod  by  tbeaasamp- 
tion  of  its  c^stence?  I  think  it  probaUe  that,  after  a 
full  discu-^iion  of  the  question,  KCr.  Martineau  would  agne 
with  me  in  aacribing  the  building  power  di^layed  in  tha_ 
crystal  to  the  bits  of  wnter  tltcmMlves.  At  all  erptits, , 
should  count  upon  hi*  Rympathy  bo  for  as  to  bdiore 
he  would  eonatder  any  one  unmannerly  who  woold 
nouncc  mo  for  rejecting  this  notion  of  a  separate  aoul,  and 
for  holding  the  sDow-crystnl  to  bo  '  matter.' 

But  then  what  an  astonisliing  addition  ia  ben 
made  to  the  powers  of  matter  I  Who  would  bavo  drcaait, 
without  actually  teeing  its  work,  that  such  a  power  was 
locked  up  in  a  drop  of  water?  All  that  we  needed 
to  make  the  action  of  the  liquid  intelligible  was  the 
asBomption  of  Mr.  Msrtineau's  'homogeoeooa  extcodtd 
atomie  solids,'  nnnulhly  gliding  over  one  uoUwr.  Bat 
bad  we  supposed  tbe  water  to  be  nothing  move  tfaut  thtt. 
we  should  haT«  ignonwtly  defiaaded  it  of  an  intrrane 
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tfchiteeturai  power,  wtitdi  Uto  art  of  man,  even  wli>nn 

pushed  to  ita  uLiiiixiL  degree  of  refinement,  is  inoompotent 

to  imitate.   I  would  invit«  Mr.  Martineau  to  oonstder  how 

iDapproprinto  his  figtire  of  a  fictitious  bank  d<-pnclt  bo 

«oiiiM  under  tli(.-Mc  ciicuniKtancr«.     The  'accoiiHt  ourrent' 

of  matter  receives  nothing  at  mj*  bands  which  eould  be 

honeetl;  kept  hack  from  it.    If,  then,  *  Democritua  and 

tbo  inathttmaticians*  eo  deBood  matter  *»  to  oxdudo  the 

poweni  bore  proved  to  belong  to  it,  they  were  dearly 

wrong;,  and  Sir.  Martineau,  instead  of  twitting  me  with 

mj  departure  fiom  them,  ought  rather  to  applaud  mo  for 

corrcMtiiig  them. 

Till!  rt-adt-r  of  my  oinall  eoolributJons  to  the  literature 

which  deaU  wiih  the  overlapping  margins  of  Science  and 

Theology,  will  have  noticed  bow  frequently  I  quote  Mr. 

GmuTKin.     I  do  CO  mainly  because!  in  him  wo  havo  a  poci 

and  a  profoundly  religious  man,  who  is  really  and  entirety 

nodaonted  by  the  discoveries  of  Science,  pott,  precent,  or 

|HX)«pvctir«.     In  bis  case  Poetry,  with  the  joy  of  a  bao- 

duuial,  tukv*  her  graver  brother  Science  by  the  hand,  and 

cbeets  him  with  immortal  laughter.    By  Ementon  scientiGo 

oonoeptions  are   continually   tmnitiuuted  into   the  finer 

fitmu  aod  wanner  hues  of  an  ideal  world.    Our  present 

theme  is  tooclicd  upon  in  the  lines — 

TbMiovra<7iaK  atoms,  prinicodial  wliolc* 
tirailjr  dn<r,  Anoljr  Ann  bjr  ihtir  nmoiBta  [eU*. 

As  regaida  reracity  and  in«igbt  tbcm  few  words  outweigh, 
in  my  cslimaUoii,  all  the  forma]  learning  expended  by 
Mr.  Martineau  in  tlMt»c  dlEquiaitions  on  Force,  in  which 
he  treats  the  phyKicisl  a«  a  conjuror,  and  speak*  w  wittily 
oi  atomic  polarity.  In  fact,  witlioiit  this  notion  of  polarity 
— tbu 'drawing  *  and  *  driving' — this  attraction  and  re- 
jmlilon,  w*  stand  a«  stupidly  dumb  before  the  p}ienomona 
Crj'stallisation  as  a  Bu)ihman  before  the  phenomena  of 
lo  Holar  System.    The  genesii  and  growth  of  the  notion 
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I  have  endeavoured  to  make  ckar  in  mj  third  Lecture  ea 
Light,  and  id  the  article  *  Crystals  and  Molocolar  Force 'j 
paUi«bed  in  this  ToIimM. 

Our  further  eou»e  is  here  foreehadowed.  A  Sundai 
or  two  ago  I  stood  nndor  an  oak  planted  by  Sir  Jol 
Moore,  the  hero  of  Corunns.  On  tfa«  ground  n^or  the  tre« 
little  oakleta  irero  niocewfuU;^  fighting  for  life  with 
8inTonQding  vegetation.  The  ocoms  bad  dropped  into 
friendly  soil,  and  this  was  the  resolt  of  their  interaction! 
What  is  the  aoore  ?  what  the  earth  ?  and  what  the  sun, 
without  wh««e  Iwai  and  light  tlie  tree  coald  not  become  a 
tree,  howev^  rich  the  soil,  and  however  healthy  tJie  wed? 
I  answer  for  myfelf  as  before — all  *  matter.*  And  the  heat 
and  li(!ht  which  here  play  so  pot«nt  a  part  are  sekoow- 
ledgod  to  be  motions  of  matter.  By  taking  aoniiethiiig 
mueh  lower  down  in  the  ratable  kingdom  than  the  oak, 
we  might  approach  mueh  more  nearly  to  the  case  of  ery^ 
tallisation  already  discussed ;  bnt  this  £b  not  now  aeoessary. 

If,  instead  of  coocediDg  the  soffidency  of  matter  here, 
Mr.  Klartineau  should  fly  t«  the  hypothesis  of  a  regetatit* 
Koul,  allfhe  quMtious  before  aske<l  in  rdationto  theBiaw- 
stor  booome  pertineut.  I  would  iovite  h!m  to  go  over 
them  one  by  one,  and  consider  what  repliea  be  will  make  to 
them.  He  may  retort  by  aakiog  me,  *  Wbo  infiued  the 
principle  of  lifb  into  the  tree  7 '  I  say.  in  answer,  that  oui 
present  question  is  not  tlil«,  but  another — not  who  mode 
the  tree,  but  what  u  it?  b  there  anything  berides 
matter  in  the  tree?  If  so,  what,  and  where?  Mr.  Mar- 
tinean  may  have  begun  by  this  time  to  discern  that  it 
not  '  pictoreaqtieooas,'  but  cold  prccJnoD,  that  my  Vi 
stellnngs-fahigkeit  demands.  How,  I  would  ask,  is 
TOgatattve  soul  to  be  [»«sented  to  the  mind  ?  where  did 
flcmridi  beSnr  the  tte»  grew  ?  and  what  will  baoome  of 
when  the  tree  is  sawn  into  phmks,  or  consumed  in  fireT 

FoasiUy  Mr.  Martioean  may  consider  Uie 
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of  this  soul  to  be  88  untenaLle  and  as  uteloBS  as  I  do.  BtA 
then  if  tbe  power  to  build  a  tree  be  conceded  to  {xira 
matter,  what  an  amazing  cxponsioa  of  ottr  notions  of  the 
*  pot^ucy  of  imtJer '  is  impliLxl  in  the  conceseion  I  Tbink  of 
the  acorn,  of  the  earth,  and  of  the  Kolftr  light  and  bettt^ 
was  ever  such  necromancy  dreamt  of  as  the  production  of 
that  QULMtvc  trunk,  tho«e  Kiriijing  buiigha  and  whispering 
loaves,  from  tbo  iutftraction  of  tbora  three  fiictors  ?  la  this 
tiitt^ritclion,  moreover,  con»«t«  what  we  cull  ti/ff.  It  will 
Iw  MMu  that  I  am  not  in  tho  least  inMOHiblo  to  the 
wonder  of  tbe  tree ;  nay,  I  iJiould  not  be  surjirised  if,  in 
tlie  presence  of  this  wonder,  I  feel  more  perplexed  and 
ovitrwholmed  tban  Sir.  Martineau  himself 

OoDHder  it  for  a  moment.  There  is  an  experiment, 
(intt  made  1^  Whe&lstone,  where  the  miuic  of  a  ptano  is 
transferred  bom  it«  Hoimd-board,  through  a  thin  wooden 
rnI,  across  several  silent  rooms  in  succession,  and  ponred 
out  at  a  distance  &om  tlte  inetniment.  The  strings  of 
tbe  piano  vihrate,  not  siiiglf,  bat  ten  at  a  timo.  Every 
string  nibdivided,  yiebltngnot  one  note,  but  a  dozen.  All 
Uteae  vibrations  and  subribrations  are  crowded  together 
into  a  bit  of  deal  not  more  than  a  quarter  of  a  square  inch 
in  section.  Vet  no  note  is  lott.  Eaeh  vibration  asserts 
iu  iudiridanl  rights ;  and  alt  are,  at  last,  shaken  forth 
into  the  air  by  a  second  seond-board,  against  which  due 
ilistaat  end  of  the  rod  prcMes.  Thought  ends  in  amaze- 
ment when  it  sei-kH  to  realise  tlte  meliouK  of  tliat  red  aa 
tlie  mutiic  Bows  through  it.  I  turn  to  my  tree  and 
obdMrFve  its  roota,  its  trunk,  its  branches,  and  its  leaves. 
As  the  rod  conveys  tbe  music,  and  yield*  it  up  to  (be 
distant  air,  so  don  the  trunk  convey  the  matter  and  the 
ntotion — tbe  shocks  and  puUes  and  other  vital  actions — 
which  eventually  emerge  in  the  umbrageous  foUi^ 
of  tbe  tree.  I  went  seme  tiinu  ago  through  tbe  grxvn- 
hoos*   of  a    friend.      He    bud  ferns    from    Ceylon,  the 
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nranchrs  of  wluuli  were  in  Bomo  cum  cot  muoh  thicVrr 
thiin  nn  ordinary  pin — bard,  gmooUi,  and  cjlintirical— 
ofieo  leafleas  for  a  foot  and  more.  Bat  at  the  end  of  ever; 
one  of  them  the  unsightly  twij;  unlocked  the  exubennt 
beauty  hidden  within  it,  and  broke  forth  into  s  msa  of. 
Erondf,  almoxl  Urge  enough  to  fill  the  annti.  We  stand  be 

frnpon  a  higher  lerel  of  Ibe  wonderful :  ve  are  conadoue  uf 
B  tnusic  subtler  than  that  of  the  piano,  passing 
through  these  tiny  boygbs,  and  iaeulng  in  what 
Martincau  would  opuli^t.ly  call  tlio  '  cluirtcrod  magnifi- 
cence' of  the  leaves.  Dock  it  lessen  my  amazcmcot 
to  know  that  every  cluster,  and  every  leaf — their  fonn 
and  texture— lie,  like  the  music  in  the  n>d,  in  the 
molecular  structure    of    these  apparently    insignificant 

ritons?  Not  so.  M  r.  Mnrtineitu  wocpa  for  '  tfao  beaoty  ot 
th«  flower  &ding  into  a  i>t«es«Ety.'  1  care  not  whether 
it  comes  to  me  Uiroiigh  necessity  or  tlirough  freedom, 
ray  delight  in  it  is  all  the  same.  I  see  vbat  ho  soca  with 
wonder  superadded.    To  me  as  to   bim — nay,  to  me 

[more  than  to  him — not  oven  Solomon  in  all  hu  gl<<ry 
ayed  like  one  of  tbevc. 

I  havo  spoken  alxtve  as  if  the  anamptton  of  a 
would  «vc   Mr.   Martineau    &om  the   ioc--   •  ' — r  of 
crediting  pure  matter  witli  the  astonishing  1 
displsrod  in  crystals  and  trees.     This,  however,  wotild  n 
bo  the  n«oca«Ty  result ;  for  it  would  remain  to  be  pro' 
that  the  WHiI  assumed  is  not  itaulf  mattar.     Wbea  a  bo: 
1  learnt  from  Dr.  Watts  that  the  souls  of  conadotts  hnii 
are  roi^re  matter.     And  tfao  man  who  would  chira 
mailer  the  human  soul  itself,  mould  find  himself  in 
orthodox  company.     *  All  that  is  creatod,'  nyv  F&usAc^ 
fuRious  French  bishop  of  the  fifth  eentury,  *  i*  maU< 
The  soul  occupies  a  place ;  it  is  encloMi)  in  a  body ;  it  cpu: 
the  body  at  death,  and  returns  to  it  at  tlw 

^M  in  the  coao  of  I,4usnu ;  the  dlstinctioD  btlwten  HA 
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ad  Uearen,  betnfien  «t«nuil  plcMuras  and  ctvninl  paiBs, 
proves  that,  even  aA«r  death,  souls  occupy  a  plikca  and  aro 
floqmrcal.  GodonlyisincorporcaL'  TertuUiao,  taoreover, 
Hw  quite  a  phjrsiuist  in  the  dcfiuitcncsj  of  hie  conceptiona 
Te(;arding  the  soul.  <Tbo  nuit«riiUity  of  tfa«  soul,'  be  says, 
*ia  evident  from  the  evang^eliHts.  A  hiitnsn  »oul  Ib  there 
expressly  pictured  as  BiifTering  in  hell ;  it  is  placed  in  the 
middlo  of  8  flame,  its  ton^e  feels  a  cruel  agony,  and  it 
implores  a  drop  of  water  at  the  hands  of  a  happier  souL 
Wanting  materiaiity,'  adds  Tcrtultian,  *  ail  this  would  b« 
without  mMning.'  Ouc  wondcri  whiit  would  havi;  liapiMnod 
to  tMs  great  Chn»lian  Fatlier  amid  the  roaring  lions  of 
Belfast.  Could  its  excellent  press  ha\'«  sliielded  him 
from  its  antpy  pulpits  as  it  sheltered  mo?  ' 

I  have  glanced  at  Inorganic  nature — at  the  sea,  and 
the  inn,  and  Uio  vapour,  and  the  snowfluke,  and  at 
ot]gamc  nature  as  repri;sented  by  the  fern  and  the  oak. 
That  same  sod  which  warmed  the  water  and  libentcd  tbo 
vapour,  emrts  a  subtler  power  on  tbo  nutriment  of  the 
tree.  It  takes  hold  of  matter  wholly  unfit  for  the  puipoises 
oC  nutrition,  separates  its  nutritive  from  it«  noOr-nutritivo 
partlonc,  gives  tlie  former  to  tlie  rentable,  and  earrii*s 
the  others  away.  Planted  in  the  earth,  bathed  by  the  air, 
and  teikded  by  the  sun,  the  tree  is  traversed  by  itA  sap,  the 
celU  are  formed,  the  woody  fibro  is  spun,  and  the  wJiole 
is  woven  to  a  texture  wonderful  cvcit  to  the  naked  eye,  but 
a  million-fold  more  so  to  microscopie  vistoa.     Does  cod- 

■  TW  IWtRoinit  *>lmow,  whtehM.  AlftUTaTCMotljlronahttqlitliifor 
tl>abcii«flt  ortheBklMpof  OrlMn^onlokwi  ftom  thsiUtli  LMtsnoTUia 
'Oosn  iDlfMiTiT"  Hodarnu'  of  Uul  oioit  onbodoi  Af  ■taloaiaD,  M.  tiuitot. 
*I«(Mid  Dii(Jti[>1j.'m«tiiiiia«M.  OiiitM,'the*adtaU'on>  toinBml;,  andthe; 
fnrvtliatiB  tJl*  dnt  rtntariM  of  oitruit  tha  nwtoUUlj  of  tb*  toal  wx 
•a  ofinioa  Mt  anl;  ptmiUal.  Uu  daniiaiA.'  Dr.  Iforiutjr,  ui]  Om 
tjoai  >)titli  b«  rwanUj  tHraami.  cbtiowlj  ImpH  ihdr  am  aatatniRtili. 
TMr  ta«tf*d  saetaadnn  tram  tfaa  out;  Chsrih  nftlen  thm  th*  cBiwt 
«AFpriec  tJ  m  •■•lorialua'  man  'Itfuul'  dwa  uij  trm  «auxni«iJ 
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sciousnese  mix  in  oDf  v«j  with  those  proctwr*?  No  tnan 
can  t«ll.  Our  onljr  ground  far  a  nffgalire  oonclonon  is  Um 
sbucnce  t>{  thme  outvard  manifeitaUona  from  whidi 
feeling  is  usually  inferred.  But  even  iheno  nn  tut 
entirely  absent.  In  ihe  gteeahonasa  of  Kew  we  aoay  ne 
that  a  leaf  can  close,  in  reeponire  to  a  proper  atimulus, » 
promptly  a«  the  human  fiDgcre  tlicmsolvM ;  and  while 
tlitve  Dr.  Hook«r  will  tell  ut  of  tli«  wondrous  fly-catching 
and  fly-deyouring  power  of  the  Dionjeft.  No  man  en 
aay  that  the  feelings  of  the  animal  are  not  repmKnled  by 
a  drowsier  consoiousneae  in  the  vegetable  world.  At  all 
events,  no  line  has  ever  been  drawn  betwcoo  the  oonacioiii 
and  the  uneon!<cioti!t ;  fmr  the  rcgetiihle  diudcs  into  the 
animal  by  such  fine  gradatiODB,  that  it  ia  impowjbla  to 
where  the  one  ends  aad  the  other  b^ins. 

In  all  «nch  cnquiri«  we  are  neocssarily  timit«d  hy  o' 
own  powers .-  w«  observe  what  our  scnHi,  armed  with  tht 
aids  furoUihed  by  Scieooe,  caubia  as  to  obaerre ;  nothing 
mure-  The  evidi^nees  aa  to  eonMioimeM  in  Ibe  vegetaUa 
world  depend  wholly  upon  our  capacity  to  obserreaad  w«^gli 
them.  Alter  the  capacity,  and  the  evideooe  would  alter 
too.  Would  that  whi<-h  to  ua  is  a  total  ahsenoe  of  an; 
niAnifcatationof  conM:iouimcsbethesametoa  baiai;  with 
our  capacities  indcBnituly  mulliplted?  To  »Kh  a  bnag 
I  can  imagine  not  only  the  vegetable*  hot  tlie  oiaenl 
world,  reeponiive  to  the  proper  iiritanta,  tba  Tnqiiwi 
differing  only  in  degree  from  tboee  exaggerated  monifiitfa- 
tions,  which,  in  %-iitTie  of  their  groKneca,  appeal  to  our 
weak  powers  of  obecrration. 

Oor  ooacluKiona,  however,  must  he  haarA,  Dot  «o 
powers  tlint  we  cnn  imagine,  but  upon  thosethat  wepotai 
Wiuit  do  tliey  reveal  ?  As  the  earth  and  atmospheta  aSir 
thcmsrivca  as  the  nutriment  of  the  vegetable  world,  n 
doea  the  latter,  which  contains  no  oonstit  iimt  not  fisaw) 
in  tnotganic  nature,  offer  itself   to   the  aainal    wofU- 
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ixed  with  ccrUin  inm^ntc  tiilMtano(>a — water,  Tor 
pie — th«  vegetable  conKtttiitea,  in  the  long  nin,  tlie 
tola  sustenftnce  of  the  aaimal.  AnimaU  luay  be  divided 
fnlo  two  cliBSoe,  tfao  first  of  nliich  can  utilise  the  vegctAble 
WPftd  iminrdint«lj,  huving  chvmical  forces  ittroDg  enough 
with  ilR  mort  rvfnuntory  pLrt4 ;  th«  second  cIbm 
le  vegetable  world  mediately ;  that  in  to  lay,  aft«r  iu 
portions  Iiave  been  extracted  and  stored  up  by  the 
But  in  neither  class  hare  we  an  atom  newly  created, 
nnimal  world  is,  eo  to  say,  a  diEiilLatioD  throtigh  tlio 
table  world  fmta  inorganic  nature. 
From  tbia  point  of  view  nit  three  worlds  would  coneti- 
:te  a  tmity,  in  whtob  I  picture  life  as  immanent  every- 
where.  Sot  am  I  aniiotis  to  shut  out  the  idea  tlial  the  life 
spokou  of,  may  be  but  asubordinat«  part  and  function 
a  Higher  Life,  m»  the  living,  moving  blood  is  sulmrdi- 
tie  to  the  living  man.  I  resist  no  auch  idea  as  long  as 
is  not  dc^matically  imposed.  Left  for  the  human  mind 
[y  to  operate  upon,  the  idea  bas  ethical  vitality ;  but> 
ipd  into  a  dogma,  the  inner  force  disappears,  and  the 
tward  yoke  of  a  usurping  hierarchy  takes  it*  place. 
The  problem  before  us  is,  at  all  erente,  capable  of 
ite  statement.  We  have  on  tbe  one  band  etrong 
grounds  for  concluding  that  tb«  earth  wa(  oac«  a  molten 
tnaas.  Wo  now  find  it  not  only  swathed  by  an  atmo- 
I  tiiiltere,  and  oov«red  by  a  aea,  but  aI»o  crowded  with  living 
^^pfa^  The  question  is,  How  were  they  introduced  ? 
^^lertainty  may  be  as  nnattainalile  here  as  Bishop  Butler 
held  it  to  be  in  matt^rsof  rcli);toa;  but  in  the  contempla- 
tion  of  probabilities  the  thoughtful  mind  is  forced  to  take  a 
fide.  The  conclusion  of  ^ita)ce,whiohreci:^iwsnnbTDkcn 
cansal  connection  between  the  port  and  tlte  prcmtnt,  would 
ondouhtedty  be  that  the  molten  earth  oontaiued  within 
it  eloments  of  life,  which  grouped  tbcmsolve*  into  their 
fomu  a«  the  planet  cooled.    The  diffienlty  and  re- 
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Iiiciance  enoauntered  b;  this  conception,  vise  sold;  from 
tlie  fact  that  tlie  thcologic  concoption  oLtoiofid  a  prior 
fooiing  iu  the  human  mind.  Did  the  latter  d«pcad  (tpoo 
Tcauouing  alone,  it  could  not  hold  its  ground  for  an  hour 
against  its  rival.  But  it  is  warmed  into  life  and  strength 
b;  associated  hopes,  fears,  and  ezpectatiooa — at>d  not 
only  bj  th^te,  wliich  are  more  or  lc«s  mnui,  but  by  that 
loniiit-H  of  thought  and  feeling  which  lifui  iU  poMcswi 
above  the  atmosphere  of  self,  and  which  the  theol 
idea,  in  its  nobler  forau,-  has  through  ages  engendi 
in  noble  minds. 

Were  not  nutn's  ori^  implicated,  we  should  accept 
without  a  murmur  the  derivation  of  animal  and  vq^etable 
lifw  frum  wliat  we  call  inorganic  nature.  Tbo  ooDclit* 
sion  of  pure  intellect  points  this  way  and  na  otlier.  But 
this  purity  is  troubled  by  our  interests  in  this  life,  and  by 
our  hopes  and  fears  regarding  the  life  to  come.  J{<mdb 
is  traversed  by  the  emotions,  anger  rising  in  the  wvaker 
beads  to  the  boigbt  of  suggesting  that  tlw  compeodiaas 
ehooting  of  tbe  enqnin-x  would  be  an  act  agreeable  toOod 
and  serviceable  to  man.  But  this  fooltshness  is  mote  than 
tieutTiiliMcd  by  the  sympathy  of  the  wise ;  and  in  KpglaiH* 
at  least,  so  long  as  the  courtesy  which  be&ts  an  carnint 
theme  is  adhered  to,  such  sympathy  is  ever  ready  for  aa 
honest  man.  None  of  us  here  need  dtrink  Gram  nying 
all  that  he  has  a  right  to  say.  \\'e  ought,  however,  to  n- 
mcmbi'r  tliat  it  is  sot  only  a  band  of  Jesuits,  weaving  their 
scheme* of  intellr:ctua]  slavery,  under  the  innocent  gni»  et 
■education,'  that  we  are  opposing.  Our  foes  are  U>  soar 
extent  they  of  our  own  faoosehold,  including  not  ooly  the 
ignorant  and  the  passionate,  but  s  minority  of  minds  of 
high  calibre  and  culture,  lovers  of  freedom.  moKovi^,  «fko, 
though  its  objoctivo  hull  bo  riddlod  by  logic,  itUl  find  tW 
ethiclifcnf  thWrreligion  unimpajn-d.  But  while  mcbcofr- 
.aidentioos  ought  to  iniiueace  the  forai  of  our 
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tmd  prevent  it  from  ever  «lipping  out  of  Uis  region  of 
courtcsj  into  tbat  of  moth  or  abuse,  it«  atibatanee,  I  think, 
ooglit  to  be  maintained  and  presented  in  unmitigated 
strength. 

In  the  year  l8iS  the  chair  of  philosophy  in  tbo  Uni- 
Teru'ty  of  ^iunicb  huppcuod  to  Iw  filh^l  by  a  Cutbolin  priett 
of  great  critical  peoetration,  great  learning,  and  great 
courage,  who  bore  the  brunt  of  bottle  long  before  Ddl- 
Ungcr.  Hitt  Jt^iiit  colleagues,  he  knew,  inculcated  tbe 
belief  that  every  human  soul  ia  eent  into  tlio  world  from 
God  by  a  separate  and  euponiatuial  act  of  creation.  In  a 
woifc  entitled  *  Tbe  Origin  of  the  Human  Soul,'  I'rofeBsor 
Frolucliammer,  tbe  i>htltMopher  here  alluded  to,  was  hardy 
eooogh  to  qnetition  this  doctrine,  and  to  aSirm  Uuit  man, 
body  and  mul,  comes  from  his  parents,  tbe  act  of  creotinu 
txiing,  therefiwe,  mediate  and  Hicondaryouly.  Tlic  Jomits 
keep  a  duup  look  out  on  all  temerities  of  thiH  kind,  and 
Uieir  organ,  tlie  '  Civilly  Cattolica,'  immediately  |>otinoed 
upon  KrobscbsDunor.  Uis  bookwas  branded  RS'pcstilent,' 
plaoed  io  the  Index,  and  ttampcd  with  tbe  condeoma- 
tion  of  the  Church.' 

It  will  be  seen  in  the  *  Apology  for  the  Bel&st  Address ' 
how  simply  and  beautifully  tbe  great  Jesuit  Perrone  causee 
tbo  Almt^fhty  to  play  with  tho  tun  and  planets,  desiring 
Ibis  one  t»  stop,  and  anotbtvr  to  move,  according  to  Uis 
pleAMire.  To  Perrone'a  VorfAellung  God  is  obviously  a 
large  lodividual  who  bolda  tbe  leading-^tringH  of  the 
UniverM,  and  orders  its  stcpa  from  a  position  outddo  it 
all.   Nor  doM  tlto  notion  now  under  consideration  err  on  the 


■  Elng  HMimilka  Q.  tmaght  Licbig  t«  Uunicti.  h*  halfiod  ndnhoHa  in 
bb  iiwiiiliw.  ■nd  l0t«tl  to  lilxnt*  umI  CaiUr  •firacc,  But  (hmgh  lu* 
lilnool  oeacvion  at  povw  to  ibo  Jcsuitt  ttt  ilu  nehoot*,  h*  ilU  fat  ntoi* 
dnnago  M  Um  inttUeetaal  tmdonediia  touniiytlma  huinpAmldDiupro. 
Jtaw>»r  Lui>>l|t  I.  Pridiag  fabaMlT  on  Itiag  a  Ointmi  jaitf,  Wlwig 
wnoU  Pt*  lolgnt*  tba  inMfoi«M«  «i  Um  BomsB  pu^  witk  t^  poUUckl 
aOunorBamk, 
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More  of  iadefiiiit«aeH.    Aocurdiiig  to  it,  the  Power 
Goethe  doi»  not  due  to  name,  and  whom  OaMondt  i 
Clork  Afuxwell  present  to  us  under  tlie  goisa  of  a  *  Mao»> 
faoiurer'  of  atoms,  turns  out  annually,  for  EngUnd  and 
Wales  alone,  a.  qiiaitor  of  a  million  of  new  sonU.     Takem 
in  connection  with  the  dictom  of  Mr.  Carljilo,  that  tfai| 
annuiil  incr<-m<-nt  to  our  populatioo  are  'mostly  fool*,' 
little  profit  to  tUa  human  heart  seems  derivable  bom 
mode  of  regarding  tho  Divine  operntioBs. 

But  if  the  Jc«iut  DOtioD  be  rejected,  what  are 
anccpt  ?  Phytiiologista  mj  Uiat  erer;  human  being  i 
from  an  egg,  not  more  than  the  -p^th  of  an  inch  in  diameter, 
lit  this  egg  matter  ?  1  bald  it  to  be  eo,  as  much  astbe««d 
of  a  fern  or  of  an  oak.  Nine  months  go  to  the  making  of  it 
into  a  man.  Are  the  additions  made  during  this  period  of 
gKitatiun  drawn  fromniAttcr?  I  think  to  undoubtedly,  if 
liutri:!  lie  «n)-lhiiig  beside*  matter  in  the  cf>g,  or  in  the  in- 
fant subsequently  alumbering  in  the  womb,  what  li  it  ?  The 
questions  already  asked  with  referenw  to  the  «tar«  of  niini 
may  be  here  repeated.  Mr.  Martineau  will  complain  tbU 
I  am  disenckanting  the  babe  of  its  wonder ;  bat  is  tbi>  the 
cose  ?  I  figure  it  growing  in  the  womb,  woven  by  a  aonie- 
tbing  not  iuelf,  witfiout  convoiouM  participattoD  on 
part  of  either  lather  or  mother,  and  appearing  in 
time,  a  living  miracle,  with  all  its  organs  and  all 
implications.  Consider  the  work  aooomplisbed  durinf ' 
theao  nine  montlis  in  forming  the  eye  aloDo — with  its  teas, 
and  it«  humnnH,  and  its  mlracuJoiu  retina  behind-  Ow 
sider  the  ear  with  its  tympanum,  cochlm,  and  Cortil^y 
organ— an  instrument  of  three  tboOEUid  Ettinga,  bui^H 
adjai-cnt  to  the  brain,  and  employed  by  it  to  ntt, 
separate,  and  interpret,  antecedent  to  all  concHoaaiB*. 
the  sonorous  tremors  of  the  external  world.  All  this  hu 
been  accomplished,  not  only  witbont  man's  oontri' 
ftooe,  but  without  his  knowledge,  the  secret  of  bli 
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ioo  having  b«ea  withheld  from  him  ainoe  his 
io  the  immcnfurable  past,  until  the  other  day. 
KInttcr  I  define  ii5  tJiat  tnyvl«rioua  t^ing  by  which  all 
thit  in  aocompliabed.  Hov  it  nune  to  have  thi*  [m>v<t 
is  A  question  on  which  I  never  ventured  an  opinion.  If, 
then,  Matter  Btart«  as  *  a  be^ar,'  it  is,  in  my  view, 
bccauso  the  Jacob*  of  theology  have  deprived  it  of  its 
lurlbright.  Mr.  Afartineuu  luwd  fc^-ir  no  (ItsciicluLntmctDU 
Theories  of  evolution  go  but  a  short  way  towards  the 
nplanation  of  this  mvBtery ;  while,  in  its  presence,  the 
notion  of  an  atomic  Manufacturer  and  Artificer  of  souls 
raises  the  doubt,  whether  tho«o  who  entertain  it  were  ever 
really  penetrated  by  tlie  solemnity  of  tlie  problem  f<Hr 
which  they  offer  such  a  solution. 

I^iere  are  mvn,  and  they  include  amongst  them  some 
of  the  bcdtt  of  tho  race  of  men,  upoD  whose  miods  this 
mystery  falls  with<ii>t  prodocing  dther  warmth  or  colour. 
The  'dry  Uf;bt'  of  the  intellect  suffices  for  them,  and 
they  livo  their  noble  lives  untouched  by  a  desire  to  give 
the  mystvry  sliope  or  expression.  There  are,  on  the  other 
band,  men  whose  minds  ai«  warmed  and  coloured  by  it« 
presence,  and  who,  under  its  stimulus,  attain  to  moral 
faeighta  which  have  never  been  overtopped.  Different 
Pptritual  climat<4  are  neceRnry  for  tho  healthy  exietenoe 
of  these  two  classee  of  men  ;  and  different  climates  must 
be  accorded  them.  The  history  of  humanity,  however, 
proves  the  experience  of  tlic  second  class  to  illiudnkte  the 
moirt  pervading  need.  Tho  world  will  have  religion  of 
some  kind,  even  though  it  fhould  fly  for  it  to  the  intel- 
lectual whoredom  of  *  spirit ualltm.'  Wliat  ia  really  want«d 
is  Um  lifting  power  of  an  ideal  element  in  human  life. 
Bat  the  frnr  pUy  of  this  power  must  be  preceded  by  it« 
release  from  the  tern  swaddling  baods  of  the  past,  and 
fTiim  the  practical  laiiterialisni  of  the  preMOt.  It  Is  now 
in  danger  of  beiug  strangled  by  the  one,  or  stapeficd  by 
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the  other.  I  look,  however,  forward  to  &  time  when  the 
Btrength,  insight,  and  elevation  which  now  visit  lu  in 
mere  hints  and  glimpses  during  moments  *of  cleamen 
and  vigour,'  ehall  be  the  stable  and  permanent  possefrion 
of  purer  and  mightier  minds  than  ours — ^purer  and 
mightier,  partly  because  of  their  deeper  knowledge  of 
matter  and  their  more  faithful  oonfbnni^  to  ita  laws. 


JOHM  TmSiLL. 


AivntstTK  Club:  StMnAtr  18TS. 


SFLECTlOyS  Oy  I'SAySJR  AKD  NATURAL  LAW. 

rS  aapecU  of  nature  are  more  Tart«<I  and  impreesive  in 
Alpine  rt^gioDS  than  eUowhere.     Tim  mnuntaina  in 
their  setting  of  deep  bltw  sky ;  tlto  glow  of  firmament  and 
I>eBlcii  at  ntnrisn  and  KURnet ;  the  formntion  and  distribu- 
tion of  clouds ;  the  dcwent  of  rain,  liail,  and  ntow ;  tho 
■teaitby  slide  of  gbciors  and  the  rush  of  avalanclum  and 
rivers ;  the  luiy  of  ctorma  ;  thunder  and  lightning,  witii 
their  occa«iooal  acoompanimcnt  of  blazing  woods; — all 
theee  things  tend  to  excite  the  feelings  and  U>  buwiMnr 
the  mind.     In  this  entanglement  of  phenomena  it  seems 
bope1e«s  to  sock  for  Inw  or  orderly  connection.   And  before 
the  tbooght  of  law  dawned  upon  Uin  Imman  mind,  mea 
naturally  referred  these  inexplicable  eSects  to  persotud 
tgeaej.    In  tlie  fall  of  a  cataract  the  earage  saw  Uta  leap 
of  a  ^iiit,  and  the  echoed  thundcr-p<«l  was  to  him  thA 
bommer-clang  of  an  exup^ratud  god.     Propitiation  of 
these  terrible  powers  was  the  consequence,  and  ncriSoo 
was  offered  to  the  demons  of  earth  and  air. 

But  obserration  tends  to  chofteo  the  emotions  and  to 
check  those  structural  efforts  of  the  intellect  which  havo 
emotion  for  Uieir  Ixtse.  One  by  one  natural  phenomeita 
have  been  associated  with  their  proximate  caiues ;  and 
the  ide*  of  direct  personal  volition  mixing  it«clf  with  the 
eaonomy  of  oatiue  is  retreating  more  and  more.  Many 
of  OS  fear  this  tendency.     Otir  faith  and  feelings  nro  dear 
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led  ii-*! 
7  nrifA^I 


to  iu>  and  wo  look  with  m»])ioittn  and  dislike  on  tBf 
plulotophj,  t)i«  apparent  tendency  of  which  is  to  dry  up 
the  soul.  Probabl;  ever;  change  from  ancient  mnfoj 
to  our  present  eolighteniscnt  ba*  excited,  lo  »  greater  or 
leM  degree,  a  fear  of  this  kind.  But  the  fact  is,  tint  «« 
have  Dot  yet  detenmned  whether  its  preeent  form  ii 
necenarj  to  the  life  and  wannth  of  religious  fcelii^.  W* 
may  err  in  linking  the  ImperishaUe  with  the  tnodtoiT, 
and  oonfoond  the  lining  plant  with  the  decaying  pole  lo 
which  it  clinj^.  My  object,  however,  at  present  is  not 
to  argue,  but  to  mark  a  tondeacj.  We  have  ceased 
propitiate  the  powers  of  future — ceased  ereii  to  pray  fii 
thii^  in  manifeit  contradiction  to  natural  Uwa.  In 
Protestant  countriea,  at  least,  I  think  it  is  conceded 
the  age  of  miracles  is  past> 

At  tlie  aubivgu  near  the  foot  of  the  Rhone 
I  met,  in  the  Rummer  of  1858}  an  athletic  young  pric«t)1 
who,  after  a  solid  breakfast,  including  a  boUle  of  visr, 
informed  me  tbat  be  bad  come  np  to  '  bless  the  mouataiaa* 
This  was  the  annual  custom  of  the  place.  Vear  by  yvar 
the  Higltest  was  entreated,  by  official  intcrccssoo,  to  make 
such  meteorological  arrangements  as  should  VOMon  food 
and  shelter  for  the  flocks  and  herds  of  the  ValaistansL  A 
diversion  of  the  Rhone,  or  a  deepening  of  tlu  river's  Ittl, 
would,  at  the  time  I  now  mention,  have  been  of  incalculable 
bcueflt  to  the  inhabitants  of  the  ralley.  Rut  the  pricEt 
would  havo  shrunk  &om  the  idea  of  asking  the  Omni- 
potent to  opea  a  new  channel  for  the  river,  or  to  oauae  a 
portion  of  it  to  flow  over  the  Qriroscl  pam,  and  down  the 
vale  of  Oberbasli  to  Brients.  Thin  i»e  would  havedeeocil 
a  miracle,  and  be  <Itd  not  come  to  a&k  ihe 
perform  mimcles,  but  to  do  something  which  be  maall 
thought  lay  qiiit«  witliln  the  bound*  of  the  natural  andl 
non-miraciilouB.  A  Prot«»tant  gentleman  wito  m*  preaeat 
at  the  time  smiled  at  this  rveitaL     Ue  had  oo  bith  is 
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I  priest's  bLvafjtig;  Btilt,  lie  deemed  hU  pnt}-er  differeat 
Icind  from  a  rcqup*t  to  open  a  new  rirer-cut,  or  to  cauw 
he  water  to  flow  up-bill. 

In  a  eimilor  maimer  idC^atUfied  Ptotcstanta  smile 

tbfl  honest  lyrolese  priest,  who,  when  tie  tetnd  Out 

ting  of  a  glacier  dam,  offered  tbo  sacrifice  of  tiie  hj/m 

tlie  ice  ai  a  mcniu  of  aTcrting  tho  calnmitj.     Tliat 

'  man  did  not  expect  to  convert  tho  ieu  into  adaiiuuit, 

^tortrecgthen  its  texture,  so  aa  to  enable  it  to  withstand 

preMnie  of  the  wat«r ;  nor  did  he  ospcct  that  hia 

See  would  nui*c  tlw  gtrcem  to  rull  U%ck   upon  it« 

I  and  relieve  him,  b^  a  miracle,  of  iU  preeenee.     But 

Djond  tlic  Wundarics  of  his  knowlnlge  Uy  a  rcfpon  where 

in  wu  gvnviatcd,  he   knt-v  not  bow.     He  won  not  so 

iptuous  as  to  expect  a  miracle,  but  hv  tirmJy  believed 

It  in  rondw  cloud-land  matters  could  be  »o  arrang«<d, 

ithotit  trmpass  on  the  miraculous,  that  the  stream  which 

iUfn«d  liim  and  hi«  flock  iihould  be  caused  to  shrink 

ItLIn  fu  proper  ImumU. 

Both  these  [Hiesta  &iiht«i«d  that  which  they  did  not 
id  to  their  r«-H]>vctive  vrant«  and  wishoB.  In  thoir 
imagination  camvintopluy,  unconditioned  by  ii  know- 
ledge of  lawR.  A  similar  state  of  uiod  was  long  prevalent 
aatfog  meebanicians.  Many  of  tbeae,  and  some  of  iImiid 
eitreroelr  Bkilful  ones,  were  occupied  a  centxiry  ago  with 
iio  question  of  perpetual  motion.  They  aimed  at  oon- 
acting  a  machine  which  should  execute  work  without 
be  espHflditure  of  power;  and  some  of  them  went  mud 
the  pursuit  of  this  object.  The  faith  in  such  n  con- 
jamaUon,  involving,  as  it  did,  immense  personal  profit 
the  inventor,  was  extromoly  exciting,  and  every  attempt 
I  destroy  thi<  fnitb  was  met  by  liittt^r  resentment  on  the 
part  of  those  who  held  it.  Gradually,  however,  as  mca 
lieeamQ  mora  and  more  acquiiintod  with  tbo  true  functions 
of  machinery,  Uie  dream  dluolved.    The  hope  of  getting 
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work  Dut  Df  mere  mecbnnwal  comtiiimtliitti  di«{ 
hut  still  tfaero  rcrnniiiml  fnr  the  speeolator  s  eli< 
d«aser  than   t}iAt  wliidt  filled   thv  imagination  of 
IVrolcw  printL,  oul  of  which  be  tttill  lioptKl  to  pvott 
{w;1iml  motion.     TTiere  was  the  mystic  Htom  of 
foioe,   which  nobody  iindcretood ;    there  were  beat 
light,  di'cirictty  luid  inagneti»ti.  all  compctctit  to 
^mechanical  mntiona.'     Here,  lh<-n,  ia  thu  miiK-  to 
we  must  seek  our  f;em.    A  modiG«d  and  mora 
form  of  th«  ancient  6itb  rc^  irwl ;  and,  fur  au^lit  I  InrnvJ 
a   rpmnant  of  tnnguJne   dctiguctn   muy  at   the   pr 
moment  be  engaged  on  the  problem  which  Uko-min 
men  in  former  ages  Icfl  unsolved. 

And   why  sliould  •  perpetual   moiioD^  eren    oidF 
modem  conditions,  be  impossible?    The  answer  to 
question  is  the  statement  of  that  great  geoeratisatiM 
inodeni  vcienco,  witicb  is  known  under  the  name  of  ' 
Cofuerration  of  Energy.    ThiM  principle  asserts  that 
||iower  can  make  iU  appeoranee  in   nature  without  an' 
tequivftlent  espcoditure  of  some  other  power ;  tlmt  natiinl 
t«gent8  are  bo  rolaled  (o  each  other  ns  to  be  mutually  ooa-i 
Vcrfiblc,  but  that  no  iiflw  ngt-acy  h  crrmtcd.     Light 
int^ibeat ;  beat  into  ebH:1riciiy;  fli^ctnuity  into  magnetism j 
maguetiHn  into  mechanical  foree ;  and  mechanical  fv 
dn  into  light  and  heat.     The  Proteus  change  but 
It  ever  the  snmo ;  and  his  changes  in  nature^  suppoaic 
no  miracle  to  supervene,  are  the  expre«sion,  not  of  spon- 
tjiupity,  but  of  ph'jsicaL  neem»U}/.     A  perpetual  molioa, 
thtin,  is  dccmrd  impoNHiblu,  tHwaufc  it  demands  the  eraUim, 
of  force,  whereas  the  principle  of  Con»crvatian  is — na 
creation,  bnt  infinite  oouvereion. 

It  is  nn  old  ri.'^mark  that  the  law  which  mould*  a 
also  rounds  n  planrt.     (n  the  application  of  law  io  aatur 
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I  tenns  great  and  small  are  uuknoim.  Ttiud  tlic  prin- 
lefentxl  to  ti-acbcs  us  that  the  Italian  ni»d,  gliding 
the  crvst  of  the  Matlerhoni,  in  a»  finntjr  ruled  u  the 
in  itfl  orbital  revolution  round  the  sun ;  and  tliab 
fall  of  its  vapour  into  clouds  is  exaotlj  as  much  a 
mattor  of  ncccnity  tut  Uie  rRtura  of  tJio  leattms.  Tho 
srtion,  therefore^  of  tlia  alighteat  mist  hy  th«  ^eolal 
itioD  of  the  Etaroal,  would  be  »e  mucii  a  niiradc  aa 
Uifi  rolling  of  th«  Bhono  ovor  the  Grimsel  precipices,  down 
the  vallvy  of  Hull  to  Ittt^rin^D  and  Brientx. 

It  eeems  to  me  quite  beyond  the  present  power  of 
adraioe  bo  detooDsttate  that  the  Tjrrolese  priest,  or  his 
colleague  of  the  Bbone  valley,  acki-d  for  an  *  impossibility  * 
io  praying  for  good  wwther ;  but  Science  can  derooogtrate 
Uie  incompletfineM  of  the  knowledge  of  nature  which 
Umit«d  their  prayers  to  this  narrow  ground ;  and  she  may 
Imbgo  the  numl>cT  of  iurtanooA  in  which  wc  '  ni^k  amias,' 
by  vliuwing  that  we  sometimes  pray  for  the  performance 
of  a  uuracle  when  we  do  not  intend  it.  She  does  assert, 
far  example,  that  without  a  dttturboDoc  of  natural  law, 
quite  as  scdoiis  aa  the  stoppage  of  an  eclipse,  or  the 
rolling  of  Uie  St.  LaiiToQce  up  tlie  Falls  of  Niagara,  no 
act  of  humiliation,  individual  or  national,  could  call  one 
shower  from  hcuvoo,  or  deflect  towards  us  a  stngle  beam 
of  the  sun. 

Those,  therefore,  who  believe  (hat  the  miraculous  is 
still  active  in  nature^  may,  with  perfect  cousisboncy,  join 
is  our  periodic  prayers  for  fair  weather  and  for  rain  :  while 
those  who  litdd  that  the  age  of  miracles  is  past,  will,  if 
they  be  consistent,  refuse  to  join  in  snob  petitions.  And 
if  tbc«c  latter  wish  to  fiill  back  upon  such  a  justiS cation, 
they  may  fairly  urge  that  the  latest  eonclu^ens  of  scioncr 
are  ia  perfect  accordance  with  tbo  doctrine  of  tbe  Master 
himself,  whtcli  miinif^ictly  was  tlmt  the  distribution  of 
natnial  pbenomeim  is  not  affected  by  moral  or  religious 
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CMtM.  '  He  maketb  His  sun  to  risa  oo  tbc  ciri)  ao) 
the  good,  and  sendetb  raio  on  tb«  jurt  mad  ou  the  unjusL' 
GiantiDg  'the  power  of  Fiec  Will  in  man,'  ao  ttrcnigl/ 
eUimed  by  Profouor  StUiuiol  in  lils  admirabls  defence  of 
the  belief  io  miracles,  and  assuming  the  efficacy  of  free 
prayer  to  produce  cbongee  in  external  nature,  it  neoeannly 
foUons  that  natural  lawx  arc  more  or  less  at  the  mercy  of 
man's  voliUon,  and  no  concWJon  founded  on  the  aianmwl 
permanence  of  those  lavs  would  be  worthy  of  oonfidewb 
It  u  a  irbolcsome  sign  for  England  that  she  Dnmbns 
among  her  clergy  men  witw  enough  to  undcmtond  all  tbu, 
aod  courageous  enough  to  act  up  to  their  knowledge:.  Sucfa 
men  do  service  to  public  character,  by  encouraging  a  manly 
and  intelligent  confiict  with  the  real  causes  of  disoasn 
and  scsucity,  tnftciul  of  a  delusive  reliance  on  sap«n>atiinl 
aid.  But  tbey  hare  aUo  a  value  beyond  this  local  and 
temporary  one.  They  prepare  the  public  mind  for  cbangesi 
which  though  inevitable,  could  hardly,  without  uicb  pn^ 
paratioD,  be  wrought  without  violeooe.  Iron  is  strong; 
still,  water  in  Cfy»tKllit)iDg  will  shiver  an  iron  eavel' 
and  the  more  unyidding  the  metal  ia,  tbe  worse  far 
safety.  I'bere  are  men  amongst  as  .who  would  eneom 
philooophio  speculutionbyarigid envelope, hoping  there' 
to  restrain  it,  but  in  rt^iility  pving  it  explosive  force, 
wo  want  an  illustration  of  this  we  have  only  to  look  at 
modem  Rome.  In  England,  thanks  to  men  of  th«  stamp 
to  which  I  haw  alluded,  icope  is  gradually  given  to  thought 
for  changea  of  aggre^tion,  and  the  envelope  slowly  alto) 
its  form,  in  accordance  with  the  neoeasitis  of  tbe  time. 


The  fort^ing  remarks  were  first  publlsbed  in  a  tit 
book  of  mine,  entitled  '  Moontoineerii^  in  1861.*    11 
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were  ptompU-J  bj  tlio  oUoquy  incurred  by  oortain  minis* 
ten  ot  llw  Cliiuck  of  EuglimH,  through  iWir  ri;fuxU  to 
jiiiD  ia  an  set  of  liumiljation  villi  refarence  to  a  buJ 
harTeat.*  Three  years  after  their  publication  wo  were 
tiireateDcd  by  cbolore  nnd  invaded  by  the  ottle  pliLj^ie. 
On  October  3,  1865,  'an  onl«r  in  Council  oommandiuj;  :i 
«pecinl  fonn  of  pnyor  for  the  miunval  of  th«  cattle  pluguc, 
Bod  the  priJiserTatton  of  the  country  from  cholcni,'  ms 
iuued,  and  on  October  9,  the  fcilloiring  article  on  the 
subject  appeared  in  the  *  Pall  MtM  Gazette ': — 

Fhathrs  aoaixst  Tin  Cdolbia. 

It  wonld  be  afTeciation  to  dixguii«e  the  favt  that  very 
many  of  the  more  educated  Kngliab  laitj  look  with  email 
favour  on  the  proposal  that  we  should  all  pray,  ha  a  nation, 
for  the  warding  oS  of  the  cholera  and  the  removal  of  tbo 
cattle  plague,  it  is  not  that  tbey  are  insensible  to  the  claims 
of  religion,  or  tliat  they  n-gard  tim  phyaicol  universe  as  a 
self-acting  machine  which  has  gone  on  with  it^  unoonscioits 
life  from  all  eternity,  or  that  thej  object  to  praying  alto- 
gether. Pcvbapg  there  never  was  a  time  when  a  nnooie 
recognition  of  tl>e  force  of  religious  obligation  wajt  as 
general  among  men  of  learning  and  profound  thought  as 
it  is  at  tbft  present  moment.  Oodlessoeu  is  not  the  dio^ 
racteriftic  of  our  time.  Ita  cbaracteriatic  is  an  ever-io* 
ereaeing  conviction  of  the  uniformity  of  the  oporatiom  of 
•11  physical  law,  not  as  a  self-uiittcnt  neccxsity,  but  as  a 
resnlt  of  the  fiat  of  the  £t«nial  Mind.  As  a  consequence 
of  this  supremacy  of  unc]ianf>tng  law  it  is  held  that  it  is 
a  tansporent  absurdity  to  imagine  that  on  tlic  petition  of 
any  man  or  any  numlicr  of  men  Uie  opc4ntious  of  nntiind 
Uw  will  be  suspended.     To  ask  of  the  Almighty  Oixt  tlmt 

>  On  *iiHi  DMlon*  wc  quOUtkiu  tK^  WWmll.  |i«(a  I'D. 
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II«  would  alter  Ux;  ooiinu  of  tlte  }>luo«t«,  or  euiM  mlv 
flow  iipwunlf^  wouM  ho  laoTV  st;krtUng  in  its  prestim 
iiuliM-itil.y,  but  it  would  not  be  ntore  [uul««*  or  philowkpld- 
callyroore  estraragant,  than  this  act  ofOiatiotial  titippU 
Uon  to  which  we  are  now  tnvitn).  The  truth  i>r  error 
this  view  is  not  a  fit  subject  for  trratatent  in  a  new^^j 
By  u  wise  tbongh  tacit  undontundiDg,  jotimailsto  for  the 
moat  part  atwtuin  froinliaudliug  thuclflgnia«orCbrutiasi^ 
and  of  rvli^on  in  general.  But  when  tliv  Govonunent  of 
the  day  oani«8  forward  with  a  formal  propoesl  that  wo 
ahould  go  out  of  our  way  to  unite  iu  a  special  r^Hgiomact 
under  the  pressure  of  a  h(!avy  national  calamity,  it  It  in- 
poenble  altogether  to  ij^nore  the  convictions  ea 
by  T«iy  many  of  tho  ablest  and  mott  honest  tiunken 
tbe  day.  There  is  no  necessity,  indeed,  to  tnmt  tbe 
ttoo  in  any  way  from  tbe  dogmatic  point  of  view.  If  we 
Tenture  on  the  subject  at  all,  it  U  in  order  to  call  attfriitiflB 
to  oortain  plieoomona  in  our  r^-rry-day  life,  wlijcli  ^ipeu 
to  furnish  a  cltMi  to  all  the  real  difGoiiltics  of  the  subjeet. 
Tbe  Eaots  of  the  coAd  are  n  obriouH,  and  tfao  r—wmint 
tliat  they  suggest  is  bo  simple,  that  they  may  be 
in  tho  shortest  space 

Certain,  tbcn,  us  it  is,  that  the  laws  of  the 
nnlvene  are  aluolutvly  unchangeable,  it  is  equally 
that  they  are  suttceptiblo  of  a  boiindlnts  vafiety  nf  disUixi 
(ximbiDatiom.  Whether  all  organje  forms  and  all  aniiMl 
and  vegetable  life  are,  or  are  not,  the  rt;«ulU  of  the  jmnjurn 
of  some  one  bidden  universal  material  agent,  in  opeiatioB 
thp  phenomena  aro  tbe  same.  The  lawc  of  gni' 
chcmicitl  affinity,  of  electric  action,  of  heat,  and 
other  force  that  is  conoarurd  in  rarryiog  fonraid 
change  and  vegi-taUe  and  animal  lifr,  pnv]nc«  in 
iuBm'te  variations  of  results,  accortiing  to  the 
under  which  their  powers  are  called  into  aetiutt. 
eombinatiuDs  at  on*  time  giro  birth  Ln  tb«  ehoIeis,at 


'  motbrn-  to  tlu;  cattle  ptagiie,  at  another  to  rich  han'esta,  at 
BtMther  to  fomine.  Those  combinAtions,  morraver,  are  not 
Ute  result  of  tlie  boundless  variotics  of  the  action  of 
material  forces  alone.  AVi.>  onrtdvc*  inii(ut«  tlu-so  frosh 
eomliimtions  eviMy  nioiiniit  tlinl  we  livt?.  Huinitn  Ufi^io 
fiict,  Ik  carried  OD  by  means  of  a  perpetual  stjiig^le  of  tlie 
liinnan  will  with  the  elementary  laws  of  physical  action. 
The  actual  condition  of  the  material  world  is  totally  unliko 
what  it  woaM  have  been  if  man  bad  nertrr  rxistud  on  this 
Iflobr.  Vi'v.  livt!  upon  th«  forms  of  vegi't.i1>lv  and  animal 
life  which  are  criuted  in  harmony  with  phj'sical  law,  as 
constrained  to  yield  to  our  personal  control.  'J*he  chemical 
coadition  of  tlu!  atmoapheri;  n  modifu-d  hy  every  UKtvemtnt 
of  our  lun^  by  every  fire  we  light,  by  every  candle  we 
blow  out,  by  every  forc«t  we  plant,  by  every  field  we  drain. 
Tt  is  not  too  much  to  eay  that  ibe  position  of  the  centre  of 
gravity  in  the  great  globe  itself  can  be  made  to  move,  in 
ft  leal,  though  to  Its  inappreciable  degree,  by  tho  alterations 
we  work  in  thv.  form  of  Um;  earth's  surface.  Tlie  rwncilics 
we  are  now  dcvijiing  ft>r  the  warding  off  of  the  cholera  are 
in  realily  an  in(<-Tventioit  with  llic  modes  of  operation  of 
vbcmieal,  aUnoiipberical,  and  pathological  Uw.  We  oanuot 
alter  these  lavs  in  themselves,  but  by  tho  (Mercise  of  our 
wills  we  can  compel  them,  like  tlio  spirits  in  Oriental  tales 
eoefoed  by  the  seal  of  the  mighty  Sol'>mon,  to  yield  results 
not  deadly,  but  life-giving.  Thus,  tbon,  in  a  most  trtie 
and  real  sense,  the  great  AuUior  of  physical  Inw  permits 
nt,  if  we  fo  jJeaee  to  call  it,  to  interfere  with  llie  univerw 
u  Ho  originaily  crooted  it.  Or  rather  this  inceatant  in- 
torfeieuoo  is  tho  very  oondiliou  of  our  own  lifei  and 
Itbysical  law  can  only  hn  called  unvliangciablo  with  tho 
pravifMi  tlint  It  is  to  this  extent  changeable  at  the  dictates 
of  the  will  of  man. 

Onnting,  then,  the  belief  (which  we  am  not  called  on 
III  argiw^  that  prayor  is  in  it«  esscflco  a  direct  inteivourse 
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between  ntiooal  beings  and  the  Author  of  phvEic^  bi 
there  appcani  no  acientific  difficulty  in  conct-iving  that,  is 
reply  ia  our  eolicitation,  He  might  himwlf  in^titulo  fitA 
oombinatioDs  in  their  operation  of  Uw  nnte  natiirr  a*  thatt 
vhich  vc  ountttUv*  undoubtedly  produce  every  hour  Hal 
wc  live.     No  reaaoDahle  person  will  deny  tba  abrtiBtt 

[jkoosibility  of  the  same  modiScatioDa  of  the  nork  of  lav, 
caused  by  the  direct  power  of  God,  which  cau  be  accom- 
ptifihod  by  uo.  It  would,  in  truth,  Iw  ridiouluiin  ti)  douliC 
IL    The  supremacyand  uncliangeableneas  nf  law  would  ba 

Lin  each  case  untouched.  The  theory  of  those  who  tooat 
rigorously  deny  tlw  poecibility  of  anything  W4.<aring  Ui» 
semblaiice  of  miraculous  iut^rfcroncc  would  not  be  iro- 
pugncd  by  a  hair's  bri^th.  Then  Is  no  need  to  havs  r^ 
cuunu:  lo  the  argumcntum  ad  verteundiam  of  Uie  luper-^ 
ficiitUy  piom,who  triumphantly  atik  uswliother  tbel 
>f  the  univentt,'  cnnnot  alter  the  laws  that  H«  liimwlf  1 

Fmade.   The  men  who  asked  Lord  l^almentuii  for  a  bst  day, ' 
and  for  answer  were  told  to  look  to  their  drait»(^  nuy 

[learn  that  the  cleansing  of  sewors  and  the   offeriu);  of 

'prayers,  though  two  distinct  outward  ucbi,  arc  in  fralit] 
of  a  nature  essentially  the  same.     What  wo  do  *  i 
ttttly.'to  use  the  technioul  term,  with  oiu-.iwn  hands,  w> 
we  disinfect  our  houeen  and  attend  to  our  diet,  and 
experimenta  in  medicine,  it  is  possible  we  may  also 
'mediately,' by  entreating  of  God  that  He  will  *ii: 

.our  ignorant  eflbrta  by  physical  means  which   i^^ 

relation  as  our  own  to  existing  laws,  bdng 
diflTcrpnt  in  lluit  Hi?  knowledge  of  His  own  laws  ts  eooi[ 
while  ouTii  i)  litllu  mure  than  a  toiitalivc  gueowork. 

As  we  have  aaid,  in  oflfering  thcw  snggerticn* 
not  meddling  with  Uje  sid>j<.'ot  under  ita  n 
a^cts.     Still  less  are  we  paying  an  inrtanl' 
follies  of  the  pobool  that  looks  QpoD  thcK!  tK' 
Tisitatiousof  old  discascsaa  'judgioeata.*  or  *punisiimvnt 
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u  in  uij  sense  differing  &om  the  oidioarj*  orgmio 
IDC  of  animal  life  an  it  goes  on  from  day  to  day  and 
ag«  to  age  It  is  as  irrolijrious  a*  it  is  unpliJlodo- 
ic&l  to  lake  the  life  of  a  nnMon  or  of  a  mnn,  and  map  it 
into  little  eecttona,  aud  call  one  thing  a  judgment  and 
a  l>t«ssiii;,  and  even  interpret  tbew  judgments  and 
log)!  ax  being  Bpocially  mcrit<?d  by  our  neighbour's 
or  by  our  own  virtues.  DouUK-ss  Uiey  arc  all  ports 
one  mighty  whol<;  whioli  we  know  to  bo  hamKmious 
iiigbout,  but  vhicb  we  alM  know  ta  be  so  partially 
lerstood  that  it  ia  absurd  to  classify  its  fragments,  and 
:et  tlu-m  in  aocordanee  with  tlio  shallow  pr«'judiccs  of 
hour.  Tlif.  fooii».Iniei«  of  tiicw;  half-piotiN  and  wholly 
cial  reltgioni.tbi  doeH  nut  cx>ni<iKt  in  tlioir  bi^lieving 
it  cholera  and  cattle  plagues  aro  of  Divine  origin,  and 
have  a  meaning  and  a  bearing  on  human  life  in  its  liighcst 
Btfpi-ctK.  It  conxinta  in  tln-ir  impudmit  pr(tt«ucc  of  pro> 
pUctic  gift*,  and  In  Iho  npirituitl  quiiclicry  with  which  they 
rf-commend  remedies  suggested  only  by  an  immeastintble 
^^f-«omp]aceiicy.  Further,  as  to  this  setting  apart  of  a 
^Pvcial  lime  for  uattona]  supplication,  we  tay  nothing 
'  whatever  concerning  ititwimlDm  or  prudence;  and  we  state 
thui  without  tlie  slightest  arriire  penaie  or  reserve.  Our 
aim  ij  solely  to  look  at  the  question  on  ita  scientific  side, 
and  to  mggeai  to  those  who  feel  acutely  the  difEculties 
which  perhaps  they  do  not  like  to  avow,  a  certain  solution 
which  appears  Mttistiu-tory,  otcd  to  the  most  tender  oon* 
loienoM,  an<l  which  undoubtedly  recta  on  the  undeniabU 
Ktota  of  every>day  life. 


On  Uio  day  after  its  puhlication  this  article  reached  my 
faanda,  accompanied  by  a  note  commending  it  aa  a  foJr 
r^ly  tomy  article  of  1861.  The  friend  who  sent  it  to  ne 
parlbetly  orlhodoi  aud  of  high  rank  among  soEentifie 
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mvn.     I  s^vc  it  due  considcratioD,  mid  wrote  in  nfcmm 
to  il  tlic  fulluKiiif;  brief  IcUcr  to  tbo  'Pall  Mall  Oitzette':— 

n  A:  EsiiUA  ^ikr  'Vtu.  Uul  Guam.' 

Sts, — Ao  emiDeut  and  respected  scientific  fiiend  iaa 
drawn   my  attention  to  joor  exceedingly  ci<^rcr  aitieie 
entitled  *  Prayen  against  Cholera.'     Tli«  jtodtkro  then 
takcD  is  11  Mrong  one;  for,  granting  the  entire  fivedoiD 
of  tbe  liunuin  will,  that  it,  titilik«  oatiirnl  phenomena,  ts 
uncontmllod  Ly  iut  antecedentA,  it  followi  tliat,  within 
certain  limits,  artitrary  changed  may  be  wrought  in  tho 
oiderand  sequence  of  those  pbenomi^Da.     And  if  the  powi* 
bility  of  nicfa  changee,  even  in  the  amsUast  porticuhir,  be 
conceded,  the  abetisct  poadbility,  or  in  otbei  words  the 
a>7tceivahUUy,  of  n  change  upon  a  gimnd  ecale  follows  a»     , 
a  matter  of  oourse.    Heivco  (yoa  «x>ijld  argue)  the  petitionfl 
iog  of  the  Almighty  againit  cholvra  or  eattio  plague  i^^ 
reftcoed  from  the  charge  of  neoetsary  absurdity. 

But  you  will,  I  think,  admit  that  the  ruloo  of  tUs 
argument  ts  not  bounded  by  the  Umit«  of  nlnetecoth 
century  Christendom ;  that  it  would  apply  equally  well 
to  the  belieb  of  ancient  beatheoa  aad  modem  nvags, 
who  »w  sod  see  in  almost  evpry  change  of  the  aepeotf  of 
nature  tho  hand  of  an  arbitrary  Deity.  It  jiirtifin  cqnlly 
tlia  mildart  and  the  most  extravagant  belief  in  ipontaoeoo* 
interference.  Who,  indeed,  in  euch  a  case,  is  to  draw  Ibe 
line  between  mildness  and  exlravagaacoP  Oncenpoa  atime 
we  prayed  against  the  rarages  of  small-pox— with  what 
effect?  Vou  may  answer  (and  ri(;htly  anawer)  that  yoa 
do  not  know.  But  you  will,  at  all  crcnta,  admit  that  iIm 
prayer,  as  a  preventire  or  rem<!<dial  agvnt,  pmifld  no 
matrh  for  ^'aoci nation.  Would  the  sapfiliaitt  voice  of 
wh'*l»  nation  Imrc  atoned  for  the  bad  eogitirwriRg, 
vaitfed  a  Mupenxion  of  the  laws  of  hydraulic  prrantre, 
the  case  of  the  BradGeld  reaerroii?    I  think  aoC    TIm 
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.  mnjoritj  of  sane  poreons  at  the  prcscot  d»y  bolicve 

I  the  aocnrarj?  character  of  natural  hints,  and  it  is  oDly 

tbo  aut^cedvnltof  a  caLamttyaro  vagiii;  orduguiMd 

.  tltey  Uiink  of  nawrting  to  piuycr  to  avort  it.     Stioh 

bappily  U(  the  cave   willi  Hm   diolvra  and  Uie  cattle 

With  regard  to  Umm  vns  are  io  a  state  of  durk- 

I  aunilar  to  that  of  the  ancient  pagan  world   with  it^ 

to  natural  pbeuomena  generally,  and  beiic«  tJie  du- 

^tioa  to  resort  to  pagan  methods  of  meeting  ttiese 


Oafofar  II,  ia«. 


JouN  Tyxdaix. 


On  Oelober  1 7  the  argument  was  reeumed  in  a  second 
article  by  the  ■  Pull  Mall  Gazette':— 


0.H  Pbitkr  and  tbb  Cbolbbjl. 

We  aiD  tempted  by  Professor  Tyndall's  letter,  which 
we  puhliihod  on  Tbumhiy,  to  return  to  (he  mbject  of  the 
article  which  he  crittoisee.  He  has,  we  think,  partly 
led  iu  understanding  the  drift  of  our  remarks.  He 
ributes  to  ns  a  belief  in  the  *  entire  freedom  of  the 
tan  will '  as  htdng  '  uncontrolled  by  its  antecedenlii,'  a 
■  wbioh  wo  certainly  neitiicr  expressed  nor  intended 
I  diaeuH.  We  neither  contrasted  the  operations  of  the 
ill  witti  *  natural  phenomena,'  nor  did  we  attempt  any 
nfinilion  of  it«  nature  or  powem.  We  simply  took  the 
*  hnman  will '  as  a  lact  in  nature,  and  pointed  out  the 
cliaraeter  of  ita  operations  in  modilyini;  the  eomhinatiuns 
of  material  agencies.  Tl>at  the  will  ilM-lf  is  ruhjeet  to 
jta  own  laws  we  do  not  fur  a  moment  deny ;  but  that  It 
*  controlled  hj  it*  antecedent*,'  in  Professor  Tyndall's 
.  we  are  very  (ar  from  admitting.     To  wliatever 
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degree  tU  Ki4  may  b«  affected  hj  iU  own  put  tiutMy,  or 
b;  tlte  influcDoe  of  tbe  past  aiul  preseab  knowledge  pcv 
eeoed  bjr  the  uaderstauding,  the  exiat«nce  of  an  apparent 
rcttl  freedom  in  tbe  irill  ia  iinqueiitioDablj  a  fai^i.  ^^'bat- 
evvr  be  llie  ultimate  cbaractei  of  this  freedom,  we  all 
UK  tbink  we  are  &ee,  and  we  act  as  if  we  are  free.  S< 
isdeed,  that  wo  act  aa  if  our  freodom  were  absolute  Our 
6:eedom  is  rvDtraincd  within  certain  limita.  It  U  limited 
by  tbe  laws  of  our  poriKiDal  character,  by  tbe  babitt 
of  our  [KUt  Hfi^  and  in  one  man  it  appears  to  bo  &r 
stronger  and  more  indcpeudcnt  Iban  in  aootbcr.  But 
whether  it  ia  by  the  exercise  of  a  certain  real  Creedom  of 
the  will  that  we  ventilate  our  houses  and  take  other  pre- 
cautions against  contagion,  or  whether  this  freedom  ts  a 
more  deception  mider  wbicb  human  nature  laboura,  »o 
that  we  have  no  real  choice  as  to  what  wo  will  or  vrill 
not  do—jnst  as  the  wbeels  of  a  locomotive  caimot  help 
bciof;  whirled  round  and  round  by  the  force  of  steam — tbe 
phyxical  results  arc  tbe  nnww  And  our  argument  aa  to 
tboM  appoiotvd  prayers  was  based  on  Uiis  simple  pbeno* 
mcDon  in  Iho  organic  life  of  the  mental  and  material 
universe.  Just  ae  &r  as  a  man  possessos  an  innvodial 
power  over  the  oomhinations  of  material  law,  jurt  so 
it  is  po9aihU  that  he  may  be  able  to  induence  the  aotaal" 
operations  of  taw  by  tbo  entreaties  he  addressei  to  1^ 
fjupreme  Authority  of  tbe  uoiverte.  We  can  do  mud 
ourselves ;  and  tfacie  is  no  absurdity  in  holding  that  it  ii 
not  impossible  that  we  may  do  still  more  through  the 
agency  of  Ibeae  prayers. 

The  aeoond  paragraph  of   Profeuor   TyndaU't 
still  further  suggests  the  suspicion  that  he  has  not 
entered  into  the  view  we  put  forward.     Tbe  theory, 
says,  would  apply  equally  well  to  tbo  boUeCi  of 
bcatbeos  and  mmlcm  aavagos,  who  saw  and  see  in  aim 
every  t^uuige  of  the  aspects  of  Nature  the  haod  of  as' 
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milMtnry  Dcit; ;  and  it  jiutifiea  equally  tho  mildest  ftad 
the  most  extnrBgsnt  belief  in  spontaDeotw  intcrforcofiM. 
By  what  poMilile  rcMOQiDg  provciM  are  tliiwe  infereneeB 
extracted  from  our  atatemeiiU  ?  How  does  tbe  belief 
that  lome  remits  ma;  jmsaiMy  be  eBected  l^  the  a^nc; 
of  pm;er  lead  to  the  ooaclusion  that  we  may  invariably 
axp«et  results  of  gigantic  magnitude?  Wbat,  let  us  ask, 
are  tlio  results  of  all  bumnn  action  iipt^n  tlic  phpicnl  lam 
of  tbe  universe  ?  For  one  sucocstiful  wsmlt  of  our  cAbrts 
are  we  not  baffled  a  Ikoueand  times?  It  ia  caid  Ibat 
praying  is  logically  absurd,  because  it  is  like  shooting  an 
vTow  into  tbe  daric.  Nobody  kaows,  and  nobody  can 
knoW)  whether  it  really  doca  any  good.  But  in  not  the 
•snut  to  be  mid  of  almotit  e\'(>rything  wc  attempt  ?  What 
haa  been  the  retult  of  all  our  fpeculations  ax  to  the  cauK 
and  nature  of  chol«ra,  and  as  to  tb«  remediee  to  which  it 
will  yield  ?  Notliiiig,  or  nlmo«t  nothing.  Wo  baye  sliot 
our  OTFOwa  into  the  dark,  nnd  know  not  where  they  havo 
faDen.  But  it  that  a  rfason  for  discontinuing  our 
speculations  and  eiperimonts  ?  Far  from  it.  How  many 
thotuaod  ye«rs  have  doctors  been  trying  to  cure  diseases 
of  all  kinds?  And  yet,  to  this  day,  what  do  tbcy  know, 
and  wliat  caa  they  do  ?  Are  there  yet  as  many  as  bslf  a 
dnzvn  really  provvd  'sipeeilio**  for  as  many  complaints? 
Vet  tliey  continue  their  guesaingt  and  expvrinM^talisinga, 
and  wisely  continue  them.  Tbe  bcatlien  and  modern 
Mvage  know  and  know  little  or  nothing  of  the  nature  of 
'  lav,  as  such ;  but  h<;w  doc«  that  aScct  our  aigumeot, 
wfaicfa  is  grounded  on  the  reonguition  of  tho  ahsoluto 
supremacy  of  all  law?  They  held  and  hold  Ihut  the 
Eternal  Mind  action  caprice,  and  'spontaneously  inter- 
fioea '  in  the  goTcmmcnt  of  tbe  world.  Hew  doe«  that 
etror  i£sposo  of  a  thi-ory  wliich  rr»ts  on  the  hypothesis 
that  Ood  BoTcracts  on  cupricr,  and  which  simply  suggests 
the  fossibQtty  of  an  extension  of  the  laws  of  human  action 
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into  a  spbcre  where  the  mind  can  pcuetrate.  thou^ECh  tbt 
hand  sod  the  eve  are  restrained  from  foUowiog  it  ?  '  Voa 
will  admit,'  e»ye  Mr.  Tyndall, '  that  prayer,  u  a  pr«ven- 
live  or  remedial  agent,  in  the  cumi  of  the  nnall-pox,  prorrd 
DO  match  for  vncciiutlioD.'  We  reply,  that  wv  omr 
contrasted  thi.'m.  Tlicro  never  was  a  race  Itulween  the 
two>  Vaecinaltoii  ve  now  know  to  be  a  most  effieaetatu 
prcTcntlre;  but  bow  does  that  prore  that  pnrer  U 
neoessaril;  isopeiativo  ?  For  thonaa&ds  of  yean  tuao- 
kind  knew  nothing  of  the  value  of  vaccination.  Oa  Mr. 
Tjndall's  theory  of  reosouing,  it  might  bo  alleged  tbit 
tJie  ignoianoF  of  past  ages  proved  that  no  remedy  c«aU_ 
possibly,  in  llie  nature  of  things,  exist  at  all.  *  Wc 
the  suppliant  voice  of  a  whole  nation  bavo  stoood  for  < 
bud  engioeering,  or  cai»ed  a  siupensioD  of  tlio  lam 
hydraulio  prdMurc,  in  U»e  ease  of  Uin  Bradiicld  reserrotrl 
Undoubtedly  not.  But  bow  doi^  thai'  prove  that 
can  be  uo  poniUe  comblnaUonit  of  physical  laws  exo 
Ihoiio  which  we  produce  with  our  arms  and  bands?  A 
Red  Indian  might  with  equal  leaaon  conclude  that,  1«- 
cuuse  be  could  not  make  a  watch,  therefore  no  binnu 
being  could  make  one,  *  The  great  majority  of  sane  po- 
•ona  at  the  {nesent  day,'  continns  Professor  TjtkitB. 
*  believe  in  the  necessary  character  of  natural  1aw«,iad 
it  is  only  wboro  the  antecedents  of  a  calamity  are  T^at 
or  diitj^iiswl  that  tUcv  tliink  of  rc#orting  to  prayer  toaifrt 
it.'  Undeniably.  It  is  alan  eqiiallr  true  tbat  tho  gntt 
majority  of  sane  persons  do  nut  think  of  reaartiBig  t* 
di-ainage  and  ventilation  until  the  cholera  has  shown  jtactf; 
but  their  folly  is  no  disproof  of  the  value  of  goml  dnin 
and  fresh  air.  The  poptilar  neglect  of  a  remedy  dov  »t, 
prove  its  worthlcssness ;  otherwito,  by  a  parity  of 
in^ ,  the  pupularity  of  a  qimck  medicine  would  pr 
excellenoe,  and  Holloway's  PIllj  would  be  the  aae} 
lible   remedy  for   all    our  ilU.      Tlir    IbeorT 
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attempted,  Itowever  feebljr,  to  exptain,  undoubtedly  applin 
to  every  circumstaoce  of  human  life.  If  prayer  U  tbc 
•upplement  to  the  Uboure  of  our  hand^  and  completct 
the  organic  barmonjr  of  the  entire  universe,  iiuqiiasUon- 
ably  it  ia  abeurd  to  have  recourse  to  it  only  when  we  are 
smitteo  with  a  antional  panic. 

ilc-rc,  indeed,  is  Iho  ground  lor  au  objoctiaa  to  these 
nattouul  act*  of  ttupplication.  If  tltc  Privy  Council  titll 
xn  to  pray  because  Uw  cbolera  ii  advancing  from  cost  to 
at,  do  tiiey  not  cuootu:age  tlie  notion  that  only  greet 
lities  come  from  God,  and  that  He  is  a  sort  of 
ier  in  our  proper  domain,  wbich  in  ordinary 
ons  He  leaves  altogether  to  our  own  maua^omcnt? 
do  not  say  that  this  is  an  objection  vbicU  cannot  be 
ctorily  answered.  Nevcrtbetcss,  just  as  Sabbatarian 
riua  tends  to  promote  week-day  godlcesness,  so  these 
io4trieken  irupplications  have  n  tendency  to  foster 
epicurean ista  in  theology  to  which  we  are  all  of  us 
TufSciently  disposed. 

WbM  til*  dnil  wu  nrb.  tlis  Jwtt  a  wint  vouM  be ; 
MIm  Uw  dcrU  Got  nil.  tbd  darfl  a  wiat  na  ha. 


To  this  article  I  replied  on  the  19tb  in  the  following 
turmM : — 


n  He  Eorroa  »/  (it  ■  Piu.  M^J.  QunrK.' 

Sm, — 1  liave  read  with  intorest  the  letters  of  your  corrw 

ipondeoU '  E.  W.'  and  *  II.  W.  W.,'  andyour  own  thoughtful 

nod  article  on  the  influence  of  national  prayer.    It  gives 

true  pleasure  to  exchange  ideas  with  such  iramest  men 
on  M  Important  a  subject. 

In  answer  to  your  corrwiwnihtnt  •  E.  \V.'  I  would  first 
■ly  that  when  t  affirm  nr-cewity  I  merely  affirm  the  result 
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of  knowledge  and  experience.  Science  dxnn  that  i 
Qonsequonts  follow  ccrlaia  anteccdcnU  wiUi  such  imdemt-* 
itig  tiniformit;  tbat  Ibe  asimdatloD  Wtwpcn  ODtcccdnit 
SDd  consequent  liaa  become  inseporolile  in  thouglit.  We 
explain  the  known  and  predict  the  unknown  on  th«  a»- 
Bumption  of  tliis  inMparability.  On  tlio  same  ground  of 
experience,  the  idcu  of  ]>ntytT  nnd  of  a  change  in  tJi» 
ooune  of  nalural  phenomena  refuse  to  be  oonnectod  t^_ 
tbonghL  I  believe  tbat  water  will  wet,  that  iron  "ilf^l 
Bink  in  it>  that  fire  will  bum,  that  the  sun  will  rUe  to- 
morrow, and  hold  that  no  prayer  at  tbc  present  dajr  will 
alter  such  ^tt.  Both  you  and  your  correvpondcnta  p(T>b> 
ahty  entertain  tlie  Mnio  opinion.  You  do  not  aepni 
diiipoBed  to  pray  for  undoubted  miracles.  Where  the 
antecedent  is  petfc-ctly  clear,  you  prepare  yotuselvea  lor 
the  consequent.  Now,  as  a  matter  of  bet,  in  caws  of 
national  supplication  the  antecedents  are  often  veiy  clear 
(o  ono  class  of  the  community,  though  very  dark  ta 
another  and  a  larger  class.  This  explains  the  &et>  th: 
while  the  latter  are  ready  to  resort'  to  piayvr,  tltc  fo: 
decline  doing  so.  The  difTiTrnee  between  both  elames 
one  of  knowledge,  not  of  religious  feeling.  I  turn  to 
aeoount  of  the  Epping  cholera  case,  and  learn  that 
people  drank  poisoned  water.  *  To  alter,  by  piayer, 
consoquenocs  of  this  or  any  similar  lact— bo  dcprirt^ 
petition,  even  a  single  otolecule  of  mlaamalie  inatt«  of  t 
properties— would  in  tlie  eye  of  science  be  at  maeh 
miracle  as  to  make  the  sun  and  moon  stand  stilL  For 
one  of  tbeso  roealt«  neither  of  us  would  pray ;  on  the 
grounds  I  refuse  to  pray  fxr  either. 

With  regard  to   the  efficacy  of  pmyer,  I  grant 
maDner  of  poasSnliiMS,  or,  more  cotcectly,  oancetmMsi 
Wbencrcr  we  have  undoubted  eridence  of  tlie  r^^H*^ 
phsnomeaon.  we  can,  in  imagination,  etpaod  it  tA  the 
largest.     I  jump  t>Tt^a  hillock, and  ean  tkrrcfate  imagiiM 
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ft  man  jiunping;  over  Mont  Blanc  Certain  bodiM  are 
repelled  by  the  poles  of  a  ma^ct,  and  I  con  ima^oo  tbis 
fortid  of  repuUiOQ  eo  augmented  &»  to  urge  projectiln  in 
war.  But  though  I  can  conoeiffl both,  I  believ«iQ  neither 
the  jumping  of  tho  mountain  nor  Uie  proje^itilc  force  of 
diamagnvtinn.  Similarly,a  good-natured  inan  grunts  my 
request  when  I  ask  him  for  a  share  of  his  uralirclla.  I 
can,  in  imagination,  expand  this  fact  to  the  inBnit^,  and 
uk  Omnipotcneo  to  ward  off  the  rain  from  my  paddock. 
That  Hu  fiiay  do  so  is  conceivable,  but  experience  renders 
it  unlx^orable.  The  people  of  England  arc  already  more 
or  leM  conscious  of  this;  and  the  practice  of  national 
propitiation  iti,  1  believe,  doomed,  which  ref]uirei«  the  great 
ability  of  this  jountal — not  to  direct  the  fponlaneoiis 
fervour  of  a  smitten  and  a  threatened  people  to  the  Throne 
of  Grace — DotereD  to  pra?c  thai  it  ifi  thebonnden  duty  of 
the  nation  to  engage  in  supplication — but  to  sliow  that 
mcb  an  act  id  not  intriusically  absurd. 

Both  your  corre^mudenta  seem  to  think  that  scien- 
ti6o  discoTery  may  be  a  result  of  a  piayer.  If  this  be 
beliered,  I  will  only  say  that  the  bearing  of  theology 
towards  aeienoe  at  the  present  day  is  sa  unpardonable  as 
it  is  unaccountable. 

Yon  speak  very  frequently  of  the  combinations  of 
material  law  possible  to  man.  Ilara  you  ever  analysed 
these  combinations  ?  You  dretch  forth  your  arm  and 
move  your  inkstand,  h  this  an  act  of  volition  pure  and 
dmplfl?  It  is  not.  The  external  motion  of  your  arm  is 
derived  immediately  from  a  motion  wUkin  your  arm — it 
w,  in  fact,  ihi«  motion  in  another  shape.  While  you  were 
puxhing  your  inkstand  a  certain  amount  of  oxidation 
oreurrt^  in  the  muscles  of  your  arm,  which  oxidation, 
under  normal  circumstanees,  produces  a  certain  definite 
amount  of  beat.  To  movo  the  inkstand,  a  qiiantity  of 
that  heat  has  been  consumed,  which  is  the  exact  thermal 
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equivalent  of  the  work  dooe.  You  could  do  Uie 
work  with  the  same  unaunt  of  heat  fiom  an  ordiiiar^ 
The  force  employed  is  the  force  of  your  food  which 
filorod  up  in  your  muscles.  Tbs  motor  neiras  puD 
trigger  and  dischargo  this  force  Vou  ha^'o  hero  a  i 
of  transformations  of  purely  phjsicul  enorgy  with  og 
critical  point  involved  in  the  question,  *  What  cantea 
tnotor  n«rv«8  to  jmli  the  triffif^r  t '  I«  tb«  canan  phy 
or  wper^pliysical  ?  1«  it  a  nouod  or  a  gkam,  or  an 
tt-mal  prick  or  pre»ure,  or  some  iuternal  unccutiDMa  thn 
stimulated  the  nervefl  to  unlock  the  miucul&r  furre,  or 
it  free  will  ?  Wh&t«ver  the  true  answer  to  tha  quMtic 
may  be,  your  safety  coneiata  in  afKnninp  boldly  thjtl  frr 
win  must  be  the  cause  of  the  nenous  action.  But 
your  only  lino  of  retreat,  you  hitvc  deliberately  closed  bj 
Baying  that,  whether  the  will  is  free  or  not, '  the  physical 
results  are  tli«  nmc'  By  thus  dispmiing  with  fne  will 
you  cause  human  actions  to  take  their  plaoe  in  the  chain 
of  physical  sequence,  and  htiman  combinations  of  nuterial 
law*  00  more  juiitify  your  coucltuinns  pcgarding  prayer  to 
a  fre«  Deity  than  does  the  combination  of  t)ie  roDleeuka 
of  water  to  form  frest-flowers  upon  yonr  window-pane. 
Finally,  I  object  to  any  philosophy,  or  theology,  wb 
selects  a  special  series  of  natural  phenomena  as  the  mt^^ 
joct  of  national  supplication,  and  ebrinks  from  tbc  aiB« 
act  with  reference  to  other  phenomena.  In  reply  to  my 
question  witetlicr  the  suppliant  voico  of  a  whole  nalioa 
would  have  alu-red  tli«  laws  of  hydraulic  prcautre  in  tht 
caw  of  the  Bradfield  reitervoir,  you  replyi  *  llndoubtedl; 
not.'  Why  not  ?  I  would  earnestly  ask.  You  adrotaU 
prayers  for  fair  weather  and  for  rain.  Now  tb«  abceoes 
or  presence  of  rain  depends  upon  laws  of  fpueoua  ynman 
which  are  just  as  immutable  as  those  of  water  |»r«Man: 
and  the  only  reason  thai  I  can  see  for  tho  asaumptka 
that  the  one  is  ihe  object  of  Divine  interfftr«oe«,  aDcl 
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oLher  ooti  is  Lbat  one  of  tbcm  is  770  times  lii-avier  tbaa 
th«  other.  Your  position  puts  one  in  minij  of  tbo  remark 
of  Galileo,  that  Nature  nliliorred  a  vacuum  only  to  a 
lieigbt  of  thirty-two  fe«t.  *  Dirine  intervention  \»  tliink- 
ttblc,'  you  TiTttuilly  say, '  but  only  in  tJio  caae  of  budivs  of 
Fiiinlt  «|)«i:if)0  gravity.*  *  Stupendous  interfetcnces,'  or 
<  r<-Bulta  of  gigantic  magnitude,'  arc  not  to  bo  expected, 
but  small  Htiiftiiig^  r«a»on«b]y  may.  Again  I  ask  you,  in 
all  cuTDOstiiCMi  How  cAmc  you  to  know  lliis?  To  me  it 
appears  that  you  arc  unwittingly  taking  dangerous  Uber* 
ties  with  the  establisbed  laws  of  the  univene.  Thceo 
laws  abolish  yourdistinctionsof  large  andsmall,ai>d  maltu 
it  as  gre«t  a  miracle  to  suspend  tlie  gravity  of  a  straw  ai 
to  citinguish  tlic  force  which  holds  the  solar  systeia 
tngrthor. 

WitJi  th»«  remarks,  and  with  thanki;  to  you  for  the 
opportimily  of  making  tltvm,  I  would  irilliDgly  refer  the 
final  adjudication  of  the  case  birtnecD  us  to  the  coming 
time. — Yo<ur  obodicut  servant, 

^^^B  Jons  TrxBAu. 

^^^Immediat*Iy  afterwards  the  editor  Uiua  closed   tho 
^^iiscussion : — 

^B  The  vt'ry  ntunber  and  variety  of  the  lett^^rs  we  haTa 
[  received  on  the  subject  of  prayer  incline  us  to  favour  the 
suggestion  of  our  able  oonespoudf  nt  *  M.  J.  H.,'  and  end, 
or  Btupend,  the  controversy.  We  confess  to  a  lurking 
feeling  of  regret  at  doing  bo,  for  nothing  mora  important 
than  the  efficacy  of  prayer  can  occupy  the  niindu  of  na-n, 
and  much  is  to  bo  hoped  from  any  coutroveray  in  which 
intelleda  so  clear,  so  consistent,  ko  oourugieous  as  ProfeasorJ 
TyndalVs  have  part.  But  in  all  the  many  able  lettvrt 
before  us  we  find  nulhing  titat  really  brings  uk  nearer  to 
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»  solittioa  of  our  difficulties.  To  some,  our  own  taggntioa 
U  snpported — in  others  Professor  lyndall's  broad  aod 
bold  argument  is  bucked ;  but  nothing  tt«ui  i»  added  to 
either.  We  leave  them,  then,  to  brar  what  fruit  they  luj, 
without  iddiug  to  the  disouiixton  wlmt  would  ooljr  lead  to  a 
mcTp  multiplicatioa  of  words.  Enough  h»a  bma  nid,  fit 
present,  for  candid  and  thoughtful  men.  Nobody  can  mi^ 
take  Professor  Tyndall's  line  of  argomeut — ^be  biuuclf  pro- 
bably could  not  make  it  clearer ;  while,  aa  for  ourselve*,  •« 
do  not  presume  to  dogmatJse  upon  such  quefitioua,  but  m 
still  believe  uUtbat  we  stated,  and  for  the  consideiatiocawv 
Muted,  in  Uie  bcgiuning  of  the  discussion — nanwly,  thai 
to  jpray  for  tlie  al»t«me»t  of  pegtileooe  is  not  philo- 
•ophically  absurd. 


Th««o  are  tho  simple  histtnic  antecedents  of  tlie  follow-  j 
ing  wricf  of  articlM. 


n. 


MIRACLES  AND  SPECIAL  PROFSDENCES.* 
1807. 

IT  i»  my  privilc^  to  eujo;  tlie  frieodahip  of  a  »ele<:t 
Dutnlier  i>f  rcligiotu  men,niUi  wbom  I  con varae  frankly 
upon  iheciogical  subjects,  expreeaing  without  disguise  the 
notiouB  and  opiuions  I  entertaio  ivgarditig  their  tenets, 
oad  hearing  iu  return  tbeso  notions  and  opinions  subjected 
to  cTiticinm.  I  have  tbtu  fur  found  them  liberal  and 
loviog  men,  patieut  in  hearing,  tolerant  in  reply,  who 
icDow  how  to  reconcile  the  duties  of  oourteiy  with  Ibc 
auneatoeea  of  d«bate.  From  one  of  tbeae,  nearly  a  year 
ago,  I  received  a  ooto,  recommending  strongly  to  my  at- 
tention the  volume  of  'Bampton  Lectures'  for  1665.  in 
which  the  quertion  of  minkclcH  i)  treated  hy  Mr.  Muiloy. 
Previouc  to  receiving  thin  note,  I  had  in  part  made  tho 
aeqnaintanc<i  of  the  work  through  an  able  and  elaborate 
review  of  it  in  the  '  Times.'  Tho  eombined  effect  of  tho 
letter  and  the  review  was  to  make  the  book  the  companion 
of  my  summer  tour  in  the  Alps.  There,  during  tho  wet 
and  snowy  days  which  were  only  too  prevalent  iu  1866, 
and  during  the  days  of  rest  interpolated  between  days  of 
toil,  I  made  myself  more  thoroughly  conversant  with  Mr. 
Motk^'a  volume.  I  found  it  clear  and  strong — an  intel- 
lectual tonic,  as  bracing  and  pleasant  to  my  mind  as  tho 
Ccen  air  of  the  mountains  was  to  my  body.     From  time 
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la  taken 


to  tinie  I  jotted  <Iowa  IhougltU  n^^pinling  it,  intc 
Bfterwmrds,  if  tiiu«  pcnuiu«d,  tu  work  Ukiri  up  into  a  i 
Iivrotil  v)ioI&     Other  duties,  however,  ioterfered  wilfa 
c»inpluL«  culling  out  of  thU  intention,  and  vhat  I  wto 
liwt  summer  I  now  publish,  not  hoping  to  be  able, 
anj  reaoonable  time,  to  render  my  defence  of  ecteotiG 
method  moro  complcto. 

Mr.  Moxlcy  refers  at  tfao  outwt  of  bis  ink  to  tb« 
movement  agaiiut  minele*  which  of  lata  yam  bu  taken 
placo)  and  whtcli  determined  his  choioe  of  a  subject, 
atf^uits  modem  science  of  having  had  an;  gnat  sbaia 
the  production  of  tliis  moven>etiL  The  objection 
miracles,  h«  soys,  does  not  arise  firom  any  minute  kiMv> 
Ipdgc  of  the  laws  of  nature,  but  simply  because  they  arc 
opiKiiwd  to  tliat  pbiiu  and  obnous  onlvr  of  uature  wkicfc 
everybody  sees.  The  present  morement  i«,  he  thiob,  td 
be  ascribed  to  the  greater  eame«tiic«  and  pciKtratioo 
the  present  age.  Fonnerly  miracks  were  acwpUtl  witl 
out  question,  because  without  reflection;  but  the 
of  what  Sir.  Moxicy  calls  the  historic  imagination  ii 
characteristic  of  oiu'  own  time.  Mem  are  now  : 
to  place  before  thenuelves  rivld  images  of  historic  &cte ; 
and  when  a  tairacle  rises  to  view,  they  halt  befcuQ  the 
astounding  occurrence^  and,  realising  it  vith  tlw  acos 
deamcnas  if  it  were  now  |)s8sing  before  their  e;t»,  1^ 
ask  themsclvc«,  ^Ckn  this  have  taken  place?*  ]q  Mas 
instanecs  the  oQort  to  answer  this  quartion  baa  kd  to  ■ 
dUbclief  in  mi^acll^»,  in  others  to  a  streDgtbening  of  bettti' 
The  end  and  aim  of  ilr.  MozWyV  lectures  is  to  show  Oat 
the  strengthening  of  tielii^f  i»  Utc  logical  revolt  wli 
ought  to  follow  from  the  examination  of  the  bets. 

Attempts  bare  been  made  by  religious  iim^  la 
the  Scripture  nuracles  within  the  scope  of  tl>e  oritr  i 
nature,  but  all  such  attempts  an  rejected  by  Mr,  Ms 
a*  utterly  futile  and  wideoftiicmark.    fieganlirg  niradtf^ 
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apiiniment  of  a  rcrtJuUon,  tbcir  ovi- 
eyv»  licpcDfU  entirely  upon  tUcir  <lc- 
ftota  the  order  of  nature.  Thtu  deviating,  thoy 
and  ilhutrate  a  power  higher  tlian  nature,  n 
anal  will ; '  and  tlicy  cmnmend  the  person  in  whom 
power  is  vested  as  a  measenger  froni  on  high.  With- 
out these  cicdcoitialii  Kucb  a  nioMcngcr  would  have  no 
{hi  to  demand  Uilicf,  orvn  werv  his  aiwcrtione  regarding 
i  Divine  miBian  backed  hj  a  Imlj  life.  Kor  is  it  b; 
clee  alone  that  the  order  of  nature  is,  or  may  be,  di)»- 
rbed.  The  material  universe  is  aIeo  the  arena  of 
^special  providenceB.'  Under  these  two  heads  Hr.  Moxlejr 
ribut^^  t)io  tot.ll  pn^mntiirnl.  Ono  form  of  the 
Bt4;matiinU  may  shade  into  tho  other,  as  one  colour 
into  another  in  the  rainbow;  but,  whilo  tlw  line 
llich  divides  the  it|>eciaIlT  proYidi<iitial  from  the  tnjracu- 
cannol  be  sharply  drawn,  llieir  distinction  broadly 
is  this:  that,  wliUe  a  special  providence  can  only 
exeito  Bumuse  more  or  leas  probable,  it  is  '  the  nature  of 
a  miiaclo  to  give  proof,  as  distingiustied  from  mere  sur- 
mise, of  Divine  design.' 

Iktr.  ^[0x105  adduces  various  illustrations  of  what  be 
n^^ards  ta  !«  spceinl  providcncAS,  as  distinguished  from 
miracles.  '  The  diatfa  of  Ariii*,'  he  says,  *  was  not  mira- 
culouB,  because  the  coincidence  of  the  death  of  «  ben>> 
aiarch  taking  place  when  it  was  pecidiarly  advantageous 
to  the  orthodox  &itli  ....  was  not  such  aa  to  compel 
the  infernuce  of  eztranrdinary  Divine  agency ;  but  it  was 
a  special  providence,  became  it  nrricd  a  rmsonable  a|>- 
peannm  of  it.  The  miracle  of  the  lliunderiii);  Legion 
was  a  speatil  providence,  but  not  a  miracle,  for  the  same 
rouoD,  because  tlio  coincidence  of  an  instantaneous  Mt 
of  rein,  in  answer  to  pray^ir,  onrrivd  some  appcwia&ce,  but 
BOt  proof,  of  pnitematmul  agency.'  The  «ninent  lecturer's 
naytflra  on  Ihia  head  brought  to  my  reeoUcetion  cvitaia* 
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narrutircs  puhlixhcd  in  Methodist  tnsgaaom, 
nwMl  to  nod  with  avidity  when  &  boy.  Tbc  tiOo  of 
exciliog  storiea,  if  I  mncmlier  riglit,  irn*  'The  Proti* 
denco  of  Qod  usprtrd,'  and  iu  tlietia  the  nott  eztn* 
ordinary  cMftp««  frotn  peril  were  reoonnted  aod  ucrj 
to  prayer,  while  equally  wonderful  tBf^nceB  of  calami 
vere  adduced  as  iUtutratknis  of  Dirinc  rctribiitioa.  la 
such  magazines,  or  olwwhere,  I  found  reconU-d  the  cu« 
of  the  C4;le1)rat«d  Smnnel  Hick,  which,  as  it  illustnte*  • 
whole  clan  of  ^>ecial  provideooes  approaching'  in  oob- 
clusivencsa  to  mincles,  is  worthy  of  montion  here.  It  it 
related  of  this  holy  man — iitid  1,  for  one,  have  oo  douH 
of  his  holiness — tliat  flour  ww  lacking  to  make  the  sam* 
mental  bread.  Grain  was  preseol,  and  a  windmill  «» 
pre«ent,  hut  there  was  no  wind  to  grind  the  com.  With 
&ith  unduubtiDg,  Samuel  lUck  prayed  to  the  l^ord  of  the 
winds :  tho  sails  turned,  the  com  was  groimd,  after  wlucfc 
tbo  wind  ceased.  Accoidin^  to  the  cuwo  of  the  Ban|i(«a 
Lecturer,  thin,  though  carrying  a  strong  appearanoe  of  aa 
immediate  esertion  of  Divine  mci^,  lacks  by  a  hait'i- 
breadtli  the  <]ua!ity  of  a  miracle.  For  the  vritKl  nugld 
have  arisen,  and  might  have  ceased,  in  thu  ofdimuy 
course  of  nature.  Hence  the  octmnence  did  not  *  eomptl 
tbo  infcreoco  of  extraordinary  Divine  agency.'  In  Hke 
manner  Mr.  Moxloy  condders  that  *  tho  appearance  w( 
the  crocs  to  Contitantinc  was  a  miracle,  or  a  special  pr^ 
vidence,  according  bo  which  accoimt  of  it  wo  adopt.  Ai 
only  a  meteorie  appearance  in  the  shape  of  a  cnae  it 
ffave  some  token  of  preternatural  age&cy,  hit  not  laD 
evidence.' 

In  the  Catholic  canton  of  Switzerland  wbore  I  »a« 
write,  and  «( ill  more  among  tJie  pious  T^rolcBo,  ttie  mnus- 
tains  are  dolttid  with  thriiws,  oootaining  ofTering*  of  iD 
kinds,  in  adiitowledgment  of  special  mercies — k^  {set, 
arms,  aod  hands— of  guld,  nilver,  hrun,  and  wood,  tccatdiag 
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as  vorldly  posseaglom  «nablc<l  tbc  grutdut  linut  to  ex- 
press its  indeblednees.  Most  of  these  offenvga  ore  made 
to  tlie  Virgin  Mary.  The;  are  leoo^iliom  of  *  special 
provjdt-nccs,'  wrou|:;bt  through  tlie  inslniraenlalitj  of  the 
Motbt-r  of  God.  Sir.  MokIcj'b  belief,  that  of  the  aiethodisl 
chronicler,  and  Uiut  of  the  Tyrolcsc  peasant,  ara  sub- 
gLintially  the  itanie.  Kacb  of  tJiem  nMumcs  that  Datiin.-. 
instead  of  flowing  orer onward  jatbcuainburrupted  rhftbir 
of  cause  and  effect,  is  mediatol;  ruled  by  the  free  human 
wi]l.  As  rt^gardc  direct  action  upon  natural  pbenomena, 
man's  will  is  confeaHK^ly  powerluts ;  but  it  is  the  triggci 
nhicb,  bjr  its  own  free  action,  liberates  tho  Pivinc 
power.  In  tbii  sense,  and  to  this  entent,  man,  of  ooiirve, 
oonunands  nature. 

Did  the  exLitenee  of  tliis  tieliiif  depend  si^cly  upon 
tbe  material  benefitji  derived  Grom  it,  it  could  not,  in  my 
npinion,  Ia«t  a  decode.  At  a  pun^ly  objective  fact,  we 
•bould  sooD  Bee  that  the  distribution  of  natural  phemv- 
niena  is  unaffected  h^  the  merits  or  tbe  demerits  of  men ; 
that  the  law  of  gravitation  crushes  the  simple  wordiippen 
of  Ottcry  6t.  Mary,  while  siDging  tltoir  tiytonA,  juot  as 
sitrely  a«  if  Ibcy  wcm  engikgcd  in  a  midnight  brawL  Tbe 
bold  of  this  belief  ujun  thti  human  mind  is  not  due  to 
outward  verification,  but  to  the  inner  warmth,  force,  and 
elevation  with  which  tt  is  commonly  associated.  It  is 
plain,  however,  (hat  these  fepling«  nuiy  exist  under  thn 
mo*t  various  forms.  They  arc  not  limitiH]  to  Church  of 
Kngland  Proti-sL-iutism — they  are  not  even  limited  to 
Christianity.  Though  leas  refined,  they  are  certainly  not 
leu  strong  in  the  heart  of  tho  Methodist  and  the  TynilvKo 
peasoat  tbuo  in  the  heart  of  Mr.  Moriey.  Indeed,  thoae 
fineltngi)  beloi^  to  tbe  primal  powers  of  man's  nature.  A 
•■cfc-ptic'  may  have  them.  They  find  vent  in  the  luittle- 
oy  of  tho  Moslem.  They  taku  btio  and  form  in  the 
huuttng-groands  of  the  rett  Indian ;  and  raise  all  of  iIh^iu, 
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as  tlit-y  niRu  the  Christian,  upoo  s  wave  of  vietorjr,  abon 
Uw  ton  in  of  the  gmve. 

The  character,  then,  of  a  tnimde,  as  dinin^iiab^ 
fiom  a  special  providence,  is  that  the  former  fumisha 
proof,  while  in  the  case  of  the  latter  we  ha\-e  only  nir- 
mise.  DiBsolvo  tho  clcmcut  of  iloiibt,  and  the  alleged 
fact  ptifsc«  from  tJio  one  claM  of  tho  prcti^matunl  into 
tbo  qth(7.  In  other  wnrdit,  if  a  special  provid^ncfi  ooaM 
be  proved  to  he  a  upecial  providence,  it  would  ooub  to 
he  a  special  providence  and  become  a  miracle.  Tbn«  1« 
not  the  Ii-ast  cloudiness  about  Mr.  Morley'a  meaning  h«e. 
A  special  providence  it  a  doubtfiil  miracle.  Why,  tbctt, 
not  coll  it  so?  Tho  term  cmplojed  br  Mr.  Mosle^  eonv<y» 
no  mgativc  Ftig^c^inn,  whcrriv  the  n«^tran  of  certxiut^ 
IK  IliL'  pi-ciiltar  cbamctcrintic  of  (he  thinj;  intended 
be  exprcMcd.  There  is  an  apparent  nnwillin^ec*  do  I 
part  of  the  Iwtiirrr  to  call  a  special  providence  what 
own  definitiun  make*  it  to  be.  Instead  of  E|ieakui| 
of  it  as  a  doubtful  mitacic,  he  nib  it  *aa  tnrialili 
miracle.'  He  speaks  of  the  point  of  contact  of  mpi^ 
natural  power  with  the  chain  of  cauaation  bein;;  m  hi: 
up  as  to  bo  wholly,  or  in  part,  out  of  sight,  whcrw 
essence  of  a  «pi-cial  providonoc  is  the  uncertainty  wh 
tliere  is  any  coulacl  at  uU,  either  higli  or  low.  By  the" 
use  of  an  {ncorrect  term,  howcii'er,  a  ffiavo  danjcet  ii 
avoided.  ]'"or  the  idea  of  doubt,  if  kept  *y*trmaticaUT 
fore  die  mind,  woidd  soon  bo  fetal  to  the  special  pn>vi 
eomtidt^TRd  as  a  miions  of  edification.  The  term  Pinpl 
on  the  contiarr,  luvitt^  and  encxittm;^  the  trait  whidi  h 
neees^ry  to  Knpplement  the  evidi^nec 

This   inner  trust,   thongb  at  finl  iTJret«d   by 
Mozlcy  in  favoiu-  of  externa)  proof,  is  suWqitmtly 
upon  til  do  momentous  duty  in  re^nl  to  mir  '        V 
evcT  the  evidence  nf  the  mira«doi»  *©eii 
furate  with  the  fiuit  whieh  it  has  to  ntaliUtb,  or  ralle 
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wlien  Hid  &ct  ts  no  amazing  thiit  bardljr  any  ovidonce  ia 
Kufliciniil  to  ertablisli  it,  Mr.  Afoilcf  invokes  *Uiu  affec- 
tions.' Tliey  miut  uigc  tlie  rttiuun  to  accept  tb«  ood- 
eludon.  &om  wbicb  unaidcit  it  lecoils.  Tbe  air«ciioiiE 
and  emotions  are  ^minontty  tbe  court  of  appeal  in  mattcri 
of  real  rolii^oD,  whicli  ie  an  a&ir  of  the  bcail ;  but  ihey 
are  not,  I  Rubmit,  tbo  court  in  which  to  wvigh  allrgatjoiis 
regarding  the  credibility  of  pky»iuil  fact«.  These  must 
be  judged  by  tJie  dry  ligliL  of  Iha  intellect  aluur,  iippt'ols 
to  the  affMtionfl  being  reserved  for  caeea  where  moral 
eleration,  and  not  hiiitoric  convtctioB,  is  the  aim.  It  is, 
moreover,  because  tbe  result,  in  the  case  uuder  considera- 
tion, is  deemed  desirable  that  the  affections  ore  called 
upon  to  back  it.  If  undesirable,  tbcy  would,  with  equal 
riglit,  be  called  upoo  to  act  the  other  way.  Even  to  the 
disciplined  scientific  mind  this  would  be  a  dangerous 
iloctHne.  A  favourite  theoiy — the  ilcsiro  t^}  establish  or 
avoid  a  certain  result — can  no  warp  the  uiiiid  as  to  destroy 
iu  powers  of  mtimating  faota.  I  have  known  men  to 
work  for  ymn  under  a  Guioination  of  tbifl  kind,  unable 
to  extricate  themselves  from  its  fatal  influence.  They 
had  certain  data,  but  not,  as  it  happened,  enough.  By  a 
proct-ss  exactly  analoj^us  to  that  invoked  Ity  Mr.  Mos- 
ley  they  supplemented  the  dutn,  and  went  wrong.  From 
that  hour  their  iut«.>llec<H  -were  «o  blinded  to  tlic  percep- 
tion of  adverse  phenomena  that  they  never  rvacliod  truth. 
If,  then,  to  the  disciplined  scientific  mind,  this  incon* 
groous  mixture  of  proof  and  trust  bo  fraught  with  danger, 
what  must,  it  be  to  thv  iudi<<criminat«  audieneo  which  Mr. 
Moxley  adireme«?  In  culling  upon  this  agency  he  acta 
tlic  part  at  Frankvnittcin.  It  is  a  monster  thus  evoked 
Uiat  we  see  stalking  abroad,  iu  tlie  d^radiiig  spiritualistic 
phenomena  of  tbe  present  day.  Again,  I  say,  where  the 
aim  is  tocloiale  the  mind,  to  quicken  the  moral  sense, 
toliindle  tbe  fire  of  rrligion  in  tlte  soul,  let  the  affectiomt 
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bv  all  means  be  invoked;  but  tlicj  must  not  \m 
milted  to  colour  our  ruportit,  or  to  iDi)u4'.iti^c  our 
ance  of  reports  of  occtirreoce*  !n  exteToal  naiurc  T»- 
Limoiiy  as  to  natural  facta  is  vorthlcsB  when  wrapped 
in  tbi3  atmospbere  of  tlie  aScctions ;  tbe  most  eonieat 
subjective  trutb  being  tbtu  rendered  pcricotlj  compatiblo 
with  the  moct  actoiioding  nbji-ntive  «rrar. 

TliLTO  are  quettiooii  in  Jud^ng  of  which  tba  iffi 
or  fifmpathies  are  oft«n  our  best  guides,  tbe  eKtimalioD 
moral  goodness  being  one  of  ihar-.  But  at  this  pi 
point,  where  they  arc  really  of  use,  Mr.  Mozlvy  excli 
tho  aficctionit  and  demands  a  miracle  as  a  ccrtiBcste 
diaracter.  He  will  not  accept  any  other  evid«twe  of 
perfect  goodiwaB  of  Cktiat.  '  \o  outward  life  or  ooDdnct/ 
be  says,  *  howorer  irreproachable,  could  prov«  His  petfnet 
sinlceaicis,  because  goodness  depends  upoti  the  inwani 
motive,  and  tlic  perfection  of  the  inward  motive  it 
not  proved  by  (he  outward  ad.'  But  surely  the  mirade 
is  an  outward  act,  and  to  pass  from  it  to  tbo  imier  motivt 
imposes  a  greater  struin  upon  logic  tJiun  th&t  ioToI 
in  our  ordinary  method*  of  estimating  men.  There 
at  least,  mora]  eongniity  between  llie  outward  goodni 
and  the  inner  life,  but  there  is  no  such  congruity  betweev 
tbe  miracle  and  the  life  within.  Tbe  t«st  of  moral  good- 
ness laid  down  by  Mr.  Ikloxlry  is  not  the  tost  of  John,  wba 
says, '  He  that  do«th  ngbteoumesa  ia  righteous ; '  nut  It 
it  the  test  of  Jesus :  '  liy  tbeir  &uite  ye  shall  know  them; 
do  men  gather  grapes  of  thorns,  or  figs  of  thiftlea?' 
But  it  is  tbe  test  of  another :  'If  thou  Iw  Ibe  Soa  of  Gi< 
command  that  tliese  ston«s  be  madu  bread.*  Pnr  my 
port,  I  prefer  tbe  altitude  of  Fichtc  to  that  uf 
MoiJty,  'The  Jesus  of  John,'  siys  Ibis  noHe  and  mi, 
thinker,  '  knows  do  other  God  than  tbo  Tnie  God,  is 
whom  wi^  nil  are,  and  liro,  and  may  be  bli^skcd,  and 
nf  whom  t)i<!ro  i>  only  I>catli  and  NotblngqcM 
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codUducs  l^clita,  'lie  uppcAls,  nod  rightly  uppcalv,  in 
suppoft  of  this  tnith,  not  lo  Kamning,  but  to  tlie  inwiird 
praettcal  sense  of  truth  in  man,  not  even  knowing  any 
other  proof  than  this  inward  testimony,  "  If  any  man  will 
do  the  will  of  nim  who  sent  Mo,  be  sliall  know  of  thu 

K-'— 3lriu«  whether  it  W  of  GikI."' 
Accepting  ?blr.  Modcy'a  t«st,  with  which  alone  I  am 
R  dealing,  it  is  evid«it  that,  in  the  demonstTBtion  of 
moral  goodoeas,  the  quaniily  of  the  miraculous  comes  into 
play.  Had  Chruit,  for  exiimplc,  limited  Tliiusflf  to  th« 
OHiveriuoa  of  water  into  wine.  He  would  havo  fallen  short 
of  the  performance  of  Jaunes  and  Jambres ;  for  it  is  a 
anuUler  thing  to  convert  one  liquid  into  another  than  to 
convert  D  dead  rod  into  a  living  serpent.  But  Janncs  and 
JamhrcN,  we  arc  luformtHl,  were  not  good.  HeLCii,  if  Mr. 
Alooley'*  twt  be  a  true  one,  a  point  mtist  exist,  on  tlio  ono 
aide  of  which  tiiiraeiilous  power  demonstrat4»  goodnetiti, 
while  on  the  other  aide  it  does  not.  How  ia  tliia 
'  point  of  contrary  fioxuro '  to  be  determinod  P  It  must 
lie  somcwlicro  Ix-tween  the  m;t{;icianM  and  Moiieii,  for 
within  thi»  fiuicc  tJie  power  [».iwm1  from  the  diabolical  to 
tti«  Divine.  But  how  to  mark  the  point  of  passage — how, 
out  of  a  purely  quantitatim  difference  in  the  visible 
inaniCeatation  of  power,  wo  arc  to  infer  a  total  inversion  of 
quali^ — it  is  extremely  diffictdt  to  N«e-  Moses,  we  are 
informed,  produced  a  large  reptile ;  Janncji  and  Jambroa 
pFodiKcd  a  small  one.  I  do  not  poaseas  Uu;  intellectual 
fiieulty  which  would  eoablo  me  to  infer,  from  those  data, 

Sier  the  goodness  of  the  one  or  the  baduese  of  the 
bt;  and  in  Ihc  highest  recorded  manifcrtutions  of  the 
miraculous  I  am  equally  at  a  lonr.  I^et  us  not  pUy  fast 
and  louso  witli  the  miraculous ;  either  it  is  a  demonsti&- 
tton  of  gooducss  in  all  cases  or  in  none.  If  Mr.  Mozley 
accepts  Christ's  goodness  as  transcendent,  hccaufo  He  did 
■uefa  works  a«  no  other  man  did,  he  ought,  logically 
^  I* 
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tpi-aking,  to  accept  the  works  of  thoee  who,  in  Hi* 
lifid  caat  out  doTiU,  as  demonstration;  a  proportionate 
goodness  on  their  part.  Bub  it  Is  people  of  this  class  wbn 
are  oooaigDed  to  everlnsting  fire  prepared  for  the  devil 
and  bis  angdi^  Such  zeal  as  that  of  Mr.  Modej  foi 
miracles  tends,  I  fear,  to  eat  Ms  religion  op.  The  logiaX 
threatens  to  stifle  tbo  spirit  ttnl.  Tlio  truly  relt^ous  wut 
iiccdc  no  miraculous  proof  of  the  goodaen  of  Christ.  Tlip 
words  addressed  to  Iktatthew  at  the  receipt  of  custom 
required  no  miracle  to  produce  obedience.  It  was  ly  so 
stroke  of  the  supt-niaturul  that  Jusus  caused  those  sent  to 
Mnzv  Him  to  go  backward  and  fall  to  the  ground.  It  was 
the  sublime  and  holy  effluence  &om  within,  which  needed 
Qo  prodigy  to  commend  it  to  the  reverctnoe  even  of 
foes. 

As  regards  the  function  of  miracles  in  tb«  founding 
a  religion,  Mr.  Mozli^  institutes  a  comparison  bet' 
the  reli^on  of  Chriit  and  Uiat  of  Mahomet ;  and  be  derides 
the  Uttor  as  *  irrational'  because  it  does  not  pcolieea  to 
adduce  miracles  in  proof  of  its  mpematural  origin.  But 
tht)  religion  of  Mahomet,  uotwithstandioR  this  drawback, 
has  thriven  in  the  world,  and  at  one  time  it  held  sway 
over  laT;ger  populations  than  Chrliitianity  it£clt  The 
spread  and  influence  of  CbrisUanitT  are,  however,  broo^ 
forward  by  Mr.  Aloxley  ax  *  a  pcmuwont,  enomous, 
inealciilable  practical  result'  of  Christian  tatmel«: 
be  make*  uw  of  this  residt  to  strenxtbeo  hii  pin 
the  miraculous.  Ilis  lo^cal  warrant  for  this  proe«ediBf 
is  not  clear.  It  is  tbo  method  of  science,  when  a  pb<^ 
nomvnon  prc-«ent«  itself,  towards  tlw  production  of  ^oA 
several  elements  may  eontributr,  to  exclude  (bem  mk 
by  one,   bo  as  to  arrive  at  length   >''  —alt  cSee- 

tiTe  couse.    Heat,  for  example,  is  assoi;j  .1  a  jih^n 

menoR ;  we  exclude  bmt,  but  tbo  phenoauuuo  ruoaiM  t 
benoe,  heat   is  not  ita  atHL    Hoettotism  u  B*Hffia't4 
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with  a  pheDOiaeDoD ;  ve  eicitKitt  Eoagnetifln,  bttt  th<i 
ptieoom«iM>n  renuina ;  hence,  magnettam  is  sot  its  mine. 
ThuB.  aho,  when  we  se«k  the  cause  of  the  diSitdon  of  & 
nUgioD — wht'tli«r  it  be  du«  tn  minurlcg,  or  to  tbo  spiritual 
Caroe  of  iU  foiuuIer»— we  oxcliidii  tha  airacU-s,  and,  find- 
fag;  the  result  unchanged,  we  infer  tbat  mimclvs  are  Dot 
the  tffectivfcauB**,  ITiig  important  experiment  M.-iIu.ii»'t- 
aninm  li.-u'  m;iiti!  for  ii«.  It  lias  Mvt^i  itnd  spread  witboiit 
miracles ;  and  to  assert,  in  the  face  of  this,  tbat  (rbriirti- 
snil  V  tin"  !iprt-ad  bteauee  of  duacU-s,  ix  not  more  opposed 
to  Ihe  spirit  of  soienoe  than  to  the  conimoo  sense  of  man- 
kind. 

The  infongniity  of  inferring  momi  goodncati  from 
tnirmcidous  power  has  been  dwelt  upon  above;  in  another 
partJctdar  a1»9  the  etiain  put  hy  Mr.  Mozlej  upon  mira- 
cliMi  is,  r  ttiink,  more  tlutn  tln-y  can  bear.  In  consistency 
with  tua  princii^es,  it  is  di/Gcuit  to  see  how  he  is  to  draw 
from  Uw  miracles  of  Christ  any  oertain  oonchution  as  to 
His  Divino  nature.  lie  dwells  very  forcibly  on  what  he 
calls  '  tlie  arprnient  from  expcrivnco,'  in  the  demolition  of 
whieh  be  takes  evident  delight.  He  deotroys  t*.e  argu- 
ment, and  repeats  it,  for  the  mere  pleasure  of  again  and 
•gain  knocking  the  breath  out  of  it.  Experience,  he 
urgn«,  can  only  deal  with  the  pact ;  and  the  moment  we 
attempt  (o  project  experience  a  hair'^hreadth  beyond  tho 
point  it  has  at  any  moment  reat^ied,  we  are  cyMidemned 
by  reason.  Tt  appears  to  mo  that  when  be  infers  from 
Christ'*  miracles  a  Pivine  and  altogothor  suprrhuinnn 
vaergj,  Mr.  Mozley  places  himself  preeiwly  under  thljt 
condemnation.  For  what  is  his  logical  groimd  for  ood- 
chuling  that  the  miracles  of  tbo  Xcw  Testament  illustrate 
Divine  piiwer  ?  May  they  not  l>e  the  rv«ult  of  expanded 
human  power  ?  A  miracle  he  defines  as  aomething  iio- 
poasibtc  to  man.  Out  how  does  he  know  that  the  miraclm 
of  Uie  New  Tectamcut   are  impossible  to  man'^     S^^vV 
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M  h«  may,  lie  has  alsoIul«l;  no  reasoD  to  Adduce  aave  thu 
— that  man  has  never  hitberto  accompliabeil  suefa  thlu^ 
But  doee  the  (axt  thub  man  haa  never  nused  the  dead 
prove  tlial  ln!  can  Dov«r  niise  the  ilwwl  ?  '  Asiumlly  not,' 
mutt  be  Mr.  Moxlej's  reply  ;  >  for  tliit  wouJd  be  pasliing 
experience  beyond  tbo  limit  it  baa  oovr  reached — 
irhich  I  proDounce  unlawful.'  Tbfla  a  period  may  eotrw 
wbva  man  will  be  ubto  to  mit*!  tbo  dead.  If  tlits  be  con- 
ceded— and  I  do  not  »e«  how  Mr.  Mox.lvy  can  avoid  the 
conc>?3sioa — it  dcHtroys  the  neceseity  of  inferring  Cbri»t'« 
Dirinity  from  Ilis  miracles.  Ho,  it  may  bo  contended. 
ant4»bit<^d  thv  Iiuinnoity  of  tJio  future;  as  n  mighty  tidal 
wave  leaves  high  upon  tlu:  Ix-ai-li  a  mark  which  hy-aod-bT 
becomes  the  general  level  of  the  ocean.  Turn  the  nMtt«:r 
aa  you  wiU,  no  otbor  warrant  will  be  fouud  for  the  all-itn- 
porta&t  conclusion  that  Christ's  miraclea  dcoKinsttate 
Divine  power,  than  an  argument  which  haa  been  8tigm>- 
titicd  by  Mr.  Moxluy  a>  a  '  rajie  of  Msd ' — the  aisaraeat 
&om  experience. 

l*he  learned  Bampton  Lecturer  would  be  la  thii  pan- 
tion,  even  had  he  ecvn  with  his  own  eye«  every  tniraide 
recorded  in  thv  New  Tectamont.  But  he  haa  not  m«b 
these  minicliw;  and  his  intellectual  plight  is  therefore 
worse.  He  accepta  tliciie  miraelea  oo  tcraliniuny.  Why 
doc«  he  Ixtliovo  that  testimony  ?  How  doee  be  bnuw  tisat 
it  is  not  delusion ;  liow  i>  he  cure  that  it  b  trat  etm 
&aud  ?  Ue  will  answer,  that  tho  writing  bmn  tha  narkt 
of  »o\metj  and  truili ;  and  that  in  many  cases  tho  bearen 
of  thi»  muw«go  to  mankind  scaled  it  with  their  Uood. 
Granted  with  all  my  heart ;  liut  wliimce  tha  ntloa  of 
all  this?  Is  it  not  solely  derived  from  the  ftcl  that  mMi 
rw  U'4!  know  Hifm,tii>  not  ancriBoe  their  live*  in  lh«  alUal- 
atinn  of  that  which  they  know  to  be  untrue  ?  Dots  arf 
the  entire  value  of  the  leatinwDy  of  the  apoAla  depcad 
ultimately  upoa  otir  experience  of  bumaa  nature  f 
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appear*,  tbcrvfom,  that  thom  mid  to  b^ve  aeen  th« 
graded,  base*]  tlieir  iiifcrrntWH  frrnn  wlint  tlicy  raw  on 
tb«  m^nment  frotD  experieDoo;  and  ttiat  Itlr.  MvzIct' 
hues  his  belief  in  their  testimony  on  the  same  arpiini'iit. 
Tbft  WG«)Env«*  of  hit)  oonolnsioa  i»  quadrupled  bj  ttiiH 
double  insertion  of  a  ptiodple  of  belief,  to  which  hu  flatly 
denies  rationality.  His  reafo&ing,  in  fiu^t,  cuts  two  wavn — 
if  it  dcsferoyg  our  trust  in  tho  ordvr  of  nnturo,  it  lai  more 
effectnaliy  abolisli«3  the  boBis  on  which  Mr.  AfozK^y  Be«kt 
to  found  the  CbritUian  religion. 

Orer  this  arpiment  from  experience,  which  at  bottom 
is  hit  argiimcnl,  ^tr.  Moilcy  rides  rough-shod.  There 
is  a  da«fa  af  ftcurti  in  Uie  energy  iritb  which  h«  tramples 
on  it.  Probably  naat^  previous  writer  Itad  made  too  much 
of  it,  and  thus  invited  his  powerful  assaulL  Finding 
thi:  difficulty  of  belief  in  miracles  to  rise  from  their  beio^ 
in  conlnidiction  to  the  onlcr  of  nature^  he  eeta  himself  to 
Dxamine  the  gronndi  of  our  U'licf  in  that  order.  With 
a  vigour  of  logic  rarely  equalled,  and  with  a  confidence 
in  its  conclusions  norer  surpassed,  he  disposes  of  this 
belief  in  u  manner  caloilatod  to  startle  thom  who,  with- 
out due  eiainination,  had  come  to  tlie  coiidutuoD  that  tlie 
order  of  natnre  was  eecure. 

^'bat  we  mean,  be  says,  by  our  1>elief  in  t]>e  order  of 
nature,  is  the  belief  that  the  future  will  be  like  the  past. 
Tbero  is  not,  according  to  Mr.  Mosley,  tJie  slightest 
rational  basis  for  this  belief. 

'  Tbnt  any  caimt  in  natoie  ut  moni  pnmuincnt  than  ita  exi*ting 
and  known  d&cu,  cxuading  njrtli«r,sad  about  to  produco  other 
ud  mora  inslai>ces  bMida*  what  it  has  prmlucod  already,  wa  hav* 
no  evlL]«nci>  Let  us  imagine,*  be  oi>DiinucH, '  tho  occorreaee  of  a 
particular  jiliynica)  phnnotnonoa  for  tho  lirM  time.  U|)on  tliat 
slngta  ooanmrnce  wo  iihould  havo  but  the  rery  fnintert  eipocts* 
tien  orannlber.    If  it  did  occur  again,  cniet'  or  twiee,  so  far  from 
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Qoonttng  ou  miMitT>er  occurrcnes^  *  cb— liiw  woold  oerar 
ntml  nHtnial  erunt  to  ua.  But  lat  it  continiia  one  hundred  lii 
Hod  we  tbould  lind  nn  heaitatiou  in  invitlDg  p«r«aiut  hvtu  a 
diaUooo  to  see  it;  «nd  U  it  ocoumd  cverj  tkj  bur  jan,  iU 
ocouTTcnue  would  be  a  oertaiiitj  to  ux.  ita  cMmtion  «  marrsL  .  . 
Wluc  ground  of  naitoa  cut  we  Mugii  for  *a  expeetitiun  that  aii^ 
ptrt  of  tiie  coiiTAO  nf  nnturo  will  bo  l)i«  next  laomcrut  wlui  it  la* 
been  up  to  iLU  tnoinent,  t.9~  for  onr  belief  in  the  utafamttj  of 
Ruttire?  None.  No  domoaatretiv*  rtMOO  can  b«  gtrvn,  Ibr  tKe 
emtixry  to  the  rccurrenM  of  *  bet  of  nuara  a  no  eonindieiitm. 
No  probable  rcMon  coa  be  ^tuo;  ibr  all  prababte  laniuutrig  t»- 
■pocting  titv  couTM  of  natim  U  fbondod  upon  Hua  pranmption  of 
lilceneta,  aud  therefore  cannot  be  the  foundalioci  of  it.  Normoq 
can  be  given  for  thii  bdid".  It  im  without  a  reaaoti.  It  nau 
upon  DO  ra^ooal  ground*,  and  can  be  traced  to  do  ntiooal 
princij'Ic' 
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*  Everything,'  Mr.  Modey,  however,  adds,  *d 
xifKm  tbis  belief,  vvery  proviaion  we  make  for  the 
ercry  safeguard  and  caution  we  eroptoy  agwnst  it,  all 
calculation,  all  adjuEtm«nt  of  means  to  tndt  siippOMS  thii 
boUef ;  and  yet  this  belief  has  no  more  prodneiUe  reana 
for  it  than  n  spc«tilation  of  fant^.  ....  It  is  xteeemuy, 
alUiinportatit  for  the  puT|Ki»e«  of  life,  hat  sol^-Iy  practiral. 
and  posseswB  no  intellectual  charaotfir.  ....  The  proper 
function,'  continues  Mr,  Mozley,  *  of  the  iodactive  prin- 
ciple, tlie  argument  from  ezperieoee,  the  belief  in  the 
order  of  nature — by  whatever  phrase  wc  dcsignsta  the 
lame  instinct — is  to  operate  sui  a  practical  bacU  for  Iha 
aflaiis  of  life  and  the  canying  on  of  human  society.' 
Bum  up,  the  belief  in  the  order  of  nature  is  ffcoeral,  hiA 
is  'an  unintelligent  impnlse,  of  which  wc  can  pre 
rationiU  account.'  It  is  inserted  Into  our  coostitutiM 
nlely  to  induce  us  to  tiQ  otu*  fields,  to  raise  our  winter  toA, 
and  thus  to  meet  the  future  oa  the  pi'cf'cMy  gratniUM 
sii|q)Osition  that  it  wilt  be  like  the  put. 

*  Thus  Ktep  by  step,'  »y»  Mr.  Mocley,  with  the  i 
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of  B  mas  who  fvelx  hu  position  to  bo  a  strong  one, '  has 
ptiiloaopiiy  loosenMl  tbn  oouiivctiuii  of  t)ie  0Td<ir  of  oaturs  ' 
with  the  ground  of  resaon,  befriending  in  exoot  proportion 
as  it  has  don<j  this  the  principle  of  miraclea.'  For  '  this 
belief  not  lukving  iterlf  a  foondation  in  reason,  the  ground 
is  gone  upon  which  it  could  be  nuintaint-d  that  miracles, 
lu  o|ipo«od  to  the  order  of  nature,  are  o[^0B«d  to  rewion.' 
Wlit^  we  regard  this  belief  in  connection  with  Kienoe,  ' 
*  in  which  connection  it  receives  a  more  imposing  name, 
and  is  called  the  inductive  principle^'  the  rci;ult  is  the 
same.  'The  iiidtietiv*-  priiinplc  i»  oidy  this  uiin.-ai'oDing 
impubo  Hppiied  to  a  scientifically  ascertained  fact.  .... 
Scirnoe  Iina  led  up  to  the  fact ;  but  there  it  stops,  and  for 
converting  this  fact  into  a  law,  a  totally  uu»ciontiSc  prin- 
ciple comes  into  play,  the  eame  tie  that  which  generalises 
tiii^  commonest  obsorvation  of  nature,' 

The  eloquent  pleader  of  the  cause  of  niinicW  passes 
over  without  a  word  the  resiUls  of  scientific  investigation, 
as  proving  anything  rational  rt-garding  the  principles  or 
method  by  which  Kuch  results  luivc  been  achieved.  Ifere^ 
OS  oltcwbcre,  he  d<>eline9  the  t«»t,  *  By  their  fruits  shall  yo 
know  them.'  Pt^rliapn  our  bir-it  way  of  proceeding  will 
be  to  gire  one  or  two  examples  of  the  mode  in  which 
men  of  science  apply  tlio  unintelligent  impulse  with  which 
Atr.  Klosley  CTcdit«  tlicm,  and  which  shall  show,  by  illustra- 
tion, the  mrreptitious  method  whereby  they  climb  from 
the  region  of  facta  to  that  of  laws. 

fieforo  the  sixteenth  century  it  was  known  that  water 
rises  in  a  pump ;  tha  eSoct  being  then  explained  by  the 
maxim  that  *  Nature  ahhon  a  vacuum.*  It  was  not  known 
that  there  was  any  limit  to  the  height  to  which  the  water 
wroold  ascend,  until,  on  one  occasion,  the  gardeners  of 
Florence,  while  attempting  to  raitra  water  to  a  very  great 
elevation,  found  that  the  column  cea«cd  at  a  height  of 
tbirty-two  fceU     Beyond  this  all  the  ftkiU  of  \\\«  1^'^utiY- 
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maker  coiild  not  get  it  to  rise.  The  Eut  was  btoi^t 
the  notice  uf  Galileo,  ani  he,  aoured  bj  a  vorld  wbioh  1 
not  treated  his  science  over  kindly,  is  said  to  have  t«itt<d 
the  philosophy  of  tlie  time  by  rMiuirking  that  Datura  cri 
dently  abliorred  a  vacuum  only  to  a  height  of  thirty-t' 
&«t>  Galileo,  howereri  did  not  solve  the  piobleut.  It 
naa  taken  up  by  his  pupil  Torricelli,  who  pondered  it, 
audf  in  doing  to,  rarious  thoughts  rcgardiiig  it  aroee  ta  hit 
mindt  It  occtirrt.-d  to  him  tint  th«  water  might  bo  forocd 
into  the  tube  by  a  preanire  applied  lo  llie  nuface  of  the 
water  outside  But  vheie,  under  the  actual  cireamatasceB, 
was  such  a  proKure  to  bo  found  ?  After  much  Tefiectioe, 
it  flashed  upon  Torricelli  that  the  atnwwpfaeiv  might 
po!«Kil>ly  exert  this  preMiire;  that  tlie  impalpable  air 
might  possess  weight,  and  that  a  column  of  irater  thirty- 
two  foet  high  might  be  of  the  exact  weight  neoeaaaij  to 
hold  the  ptesauro  of  the  atmosphere  in  ec^uilibrium. 

Th«rc  ia  much  in  tbta  process  of  pondering  and 
results,  which  it  is  impossible  to  analyse.     It  is  by  a  U 
of  inspiration  that  we  riw  from  the  wL#e  and  Bodulotit-' 
contemplation  of  facte,  to  the  principles  on  whldi  \hef 
depend.     The  mind  is,  as  it  wurc,  a  pbotogrsphic  plale, 
which  is  gradually  cleaned  by  the  effort  to  think  tight! 
and  which,  when  so  cleansed,  and  not  before,  roeeit 
impressions  &om  the  light  of  tmtb.     This  pasaage 
Gacts  to  principles  is  called  induction ;  and  indoctioo,  ia 
its  highest  fonn,  is,  as  jutt  stutnd,  a  kind  of  ioqnntin. 
But,  to  make  it  sure,  the  inward  sight  murt  bo  sbon 
to  be  io  accordasoe  with  outward  &ct.    To  prom  or  di 
prove  the  induction,  wo  must  resort  to  d«lucti(it)  and 
perimeiit. 

Tonicelli  reasoned  thus :  If  a  oeliimn  of  walej-  thiUfi 
two   foet  high  holds  the  pressure  of  the  atjnoepbefo 
equilibrium,  a  Kfaortor  oolumn  of  a  heavier  liijiiid 
to  do  the  s»me.     Now,  mercury  is  thLrtt.-«D  tim<^  haa' 
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valcT ;  hence,  if  my  induction  be  correct,  the  at- 
i  :n.'re  ought  to  bo  able  to  sustaio  only  thirty  inches 
iif  mercury.  ITrrv,  then,  u  a  d<.-duclioD  which  can  be 
inuDediately  submitted  to  4^x]>erini«iit.  Torrioelli  took  a 
glass  tube  a  yard  or  so  is  length,  closed  at  one  end  and 
open  at  the  otbor,  and  filling  it  with  mcxcuty,  be  stopped 
tlie  open  end  with  his  thumb,  and  inverted  it  in  a  basin 
filled  with  the  liqtiii]  metal.  Oui:  can  imagine  the  fwl- 
iitj^  with  which  TorriceUi  removed  his  thumb,  and  the 
(Ii-li<^ht  ho  experienced  when  be  found  that  bU  thotight 
bad  forestalled  a  fiwt  nerer  before  revealed  to  human 
i^tti.  The  column  sank,  hut  it  ceased  to  sink  at  a  height 
uf  thittj  iocbefi,  leaving  the  Torrici-lliiui  vacuum  over- 
head, Krom  that  hour  the  theory  of  the  pump  was  es- 
tnhlishcd. 

The  celebrated  Pafical  followed  Torricelli  with  another 
dMluctioo.  He  reasoned  thus:  If  the  mercurijd  column 
be  supported  by  the  atmosphere,  the  higher  we  ascend  in 
the  air,  the  lower  the  column  ought  to  Hink,  for  the  leas 
will  he  the  weight  of  the  air  overhead,  lie  qutced  a 
friend  to  afcend  the  Puy  de  Dome,  carrying  with  him  a 
haromelric  ooluion;  and  it  was  found  that  during  the 
BMcent  Um]  column  sank,  and  that  during  the  «ub«e(itient 
tleaeent  the  column  rose. 

Between  the  time  here  referred  to  and  the  present, 
miUions  of  uxpcriments  have  been  lOttde  upon  this  subject. 
Kvvry  viilngu  pttmp  is  an  apparatus  for  such  experiments. 
In  thousands  of  imttancee,  moreover,  pumps  have  reAiaed 
to  work ;  hut  on  examination  it  has  iiifhlUbly  been  found 
that  the  well  was  dry,  that  the  pump  re(|uin;d  priming, 
or  that  some  other  defect  in  the  apparatus  aecounttd  for 
the  anomalous  u^tion.  In  cwry  cum;  of  tbe  kind  Lbe  ekill 
of  tI>o  pump-maki^  lias  bvvii  founrl  to  be  tbe  true  remedy. 
Id  no  case  has  tbe  pressure  of  the  atmosphere  ceased ; 
eontbuicy,  as  regards  tlie  lifting  of  pump-water,  has  been 
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hitberto  tiie  dumonstintvd  nilc  of  nature.  So  aUd 
r<>jcards  Piucol's  pspcrimcnt.  Ilis  BXpcrieooe  Itas  ben 
tlic  univcml  experience  erer  siuci^  Men  h&ve  climhsd 
moiintaiDs,  and  gone  up  in  ballixHis;  but  no  dcvtati 
from  Pascal'B  remit  has  ever  been  obaerved.  Barom< 
like  piim[>s,  liavc  rofusod  to  act ;  but  iiistcud  of  indicat: 
anj  KiupoiMioii  of  tli«  operations  of  nature,  or  any  intei 
iereooe  on  the  part  of  its  Author  with  atmospheric 
mre,  esamination  has  in  ever;  instance  fixed  thc!  anumal; 
upon  the  iiLEtrumonts  tbemselres;  It  is  this  wrldln 
then,  of  rigid  logic  to  verifjing  fiict  that  3Xr.  M 
rv(«n  to  an  ■  nnreasonlng  impiiln*.' 

Let  lU  DOW  briefly  consider  the  case  of  Xewtoo.  Be- 
fore bia  time  men  had  occupied  themselves  with  tbe  pro- 
btem  of  tJte  solar  sfEt«iii.  Kepler  hud  deduced,  fiwo  • 
vast  moss  of  observations,  thoeo  general  ezprosaaos  of 
p1nn<?titry  motion  known  n«  '  Kopler's  lan's.*  It  had  Ixen 
ob«i-iv<H]  ihut  a  magnet  sttinoU  iron;  and  bjr  ooo  of 
tliOM  flashes  of  inspiration  whiob  reveal  to  the  huinan 
mind  tbe  rastiD  the  minute,  the  general  in  tbe  particidar, 
it  bad  heeo  inferred,  that  the  force  by  which  Iwdid 
to  the  earth  might  also  be  an  attractioD.  Newton 
dored  all  these  things.  He  bad  a  great  power  of  poode^ 
iiig.  He  could  look  iuto  the  darkest  subject  ontit  it 
became  entirely  luminous.  How  this  light  arises  we  caa- 
not  explain ;  but,  as  a  matter  of  fad.  It  docs  aritr. 
me  remark  here,  that  this  power  of  pondering  &ct 
ono  with  whtcb  the  wtdeoits  could  have  been  but  im 
fvdly  octiuaintcd.  Tbey,  for  tin;  most  part,  found 
ej[erei»e  of  ^ta«y  more  pleawuit  tlion  tho  hronding  om 
bets.  Hence  it  is,  that  when  those  whose  educntioa  hs* 
been  deri»-ed  litoro  the  ancients  speak  of  '  the  rtsunn  of 
man,'  they  are  apt  to  omit  from  their  coiiccpLioD  of  rosvi 
ooe  of  its  greatest  powvffl.  WeQ,  NrwloD  slowly  mar- 
shalled  his  thoughts,  or  rather  tbey  earae  Ut  him  while 
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inletKied  bis  mind,*  ritiinf;  liko  a  tvrice  of  intellectual 
birtba  out  of  cliADtt.  He  miul«  this  idea  of  nttraction  his 
own.  But,  to  apply  tlie  idea  to  the  solar  Rj-tit«in,  it  ms 
oetxmary  to  knov  the  magnitude  of  the  attraction,  and 
the  law  of  ittt  variation  with  the  dit(tanc«.  His  concep- 
tions Snt  of  all  pawed  from  (lie  action  of  tlie  nuth  m  a 
whole,  to  that  of  its  constituent  partieles.  And  ptirKint^tnt 
tboogbt  brought  more  and  more  cleaily  out  the  finul 
divination,  that  ovcry  partido  of  matter  attmcta  everj 
"thiT  particle  with  a  foro«  varj'ing  inversely  ax  this  square 
the  distance  bolwt«n  the  particlfts. 
Tbis  i«  Newton's  celebrated  law  of  inverse  tquarvK. 
ere  we  have  the  flower  and  outcome  of  bis  inductioo; 
uid  how  to  verify  it,  or  to  disprove  it,  waa  the  next  que«- 
tion.  The  Gnt  step  of  Ncwtoo  in  this  direction  was  to 
prow,  mathematically,  that  if  ibis  law  of  attraction  be 
the  true  one ;  if  the  earth  be  constitutvd  of  particles 
which  obey  tbis  taw ;  then  the  action  of  a  sphere  equal 
to  the  earth  in  fitc  on  a  body  out«ide  of  it,  is  the  same 
aa  that  which  would  be  ezertM)  if  the  whole  moM  of  tho 
qfhcre  were  contracted  to  a  poiut  at  its  centre.  Practi- 
cally speaking,  then,  the  centre  of  the  earth  is  the  point 
from  which  distances  must  be  measured  to  bodies  attracted 
by  the  eartji. 

^H  From  oiiperiniei)t«  executed  before  hi»  time,  Newton 
^Hbww  tito  amouut  of  the  earth's  attraction  ut  the  eartli's 
BWttrfiia*.  or  al  a  distance  of  -IjOOO  miles  from  [ts  centre 
HU  object  now  was  to  measure  the  attraction  at  a  greater 
distance,  and  thus  to  determine  tho  law  of  iti  diminu- 
tion. But  how  was  he  to  find  a  body  at  a  Mtfficient 
distance  ?  He  had  no  I>alloon ;  and  even  if  he  had,  b« 
knew  that  any  height  to  which  be  could  attain  would  be 
tixi  small  to  enable  him  to  solvo  bis  problem.  What  did 
he  do  ?  U«  fixed  bis  thoughts  upon  tbc  moon  ; — a  body 
240,tX>0  miles,  or  sixty  times  tlie  earth's  radius,  from  the 
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eartli'B   ceoire.      Uu  virtually   wcisLed   tLe   noon, 
fouiid  llukt  wvigbt  to  Im  jy'-^tli  of  wliat  it  would  be 
tliv  t-artli't  KiirfaoO'     Tlili  U  cxmcUj  wliat  his  tbcoij  n>- 
qiiir«d.     I  nill  not  dwell  here  upon  tha  paune  of  NewhH 
after  bis  first  calculations,  or  speak  of  bis  wlf-denial  il 
nithholiling  ttiom,  bocuiufc  thcj  did  not  qnit«  agree  with 
tb«  olwcn-atioiM  tlicci  at  lii«  comDiand.     Newton's  action 
in  tbis  matter  ia  tbe  Dormal  action  of  tbe  scientittc  mlDd. 
If  it  were  otbonrite — if  scientific  men  were  not  accns- 
tomed  to  demand    verification — if  they  ireie  satisfied 
witli  tlio  imprrfi-ct  wltile  the  p<»icct  is  attainahla^  tbctr 
science,  iiutead  of  being,  a«  it  is,  a  fortress  of  adataast, 
would  be  a  house  of  day,  iU-liU€d  to  bear  the  buflietiBgi 
of   the    tbeolo^c    etonus   to   which   it   is    periodicallj 
exposed. 

Thus  wc  Hco  thut  Newton,  like  Torricclli,  fint  pea*' 
dcTud  bis  fuels,  ilhiouaatod  tbvm  wiUi  persistent  tbongbt, ' 
and  Snail;  divined  -the  character  of  the  forc«  of  gnvila- 
lion.  But)  baving  thus  travelled  inward  to  the  priodpUi 
he  reversed  bis  steps,  carried  tbe  principle  outvanla, 
and  justified  it  by  demonstratiDg  il«  fitness  to  extefaal 
nature. 

And  here,  in  pacing,  I  would  DoLice  a  point  which  is 
well  worthy  of  attention.     Kepler  bad  deduced  his  b«* 
from  obiervatian.     As    fur   back  as  those   obsezratMOS 
extended,  tbo  planetary  motions  Iiwl  obeyed  these  lawi ; 
and  neither  KnpliT  nor  Newtou  cnleTtaiucd  a  doubt  as 
to  their  contiuiung  to  obey  them.     Year  after  ytxr,  as 
tlie  agva  rolled,  tbey  bcUevod  that  tlioec  laws  would  oaa- 
tinue  to  illustrate  Uwmselvw  in  tbe  heavens.     But  ibtt     . 
was  not  «iffici<»it.     Tbe  Kientific  mind  can  lind  tto  tP^M 
pec«  in  llie   mere   registration  of  seqnesioe   lu   nature.^^ 
Tbe  further  question  iotrudM  itself  with  lisdstlcM  migbt, 
>t'bence  comes  tbe  sequcDoe?      VLat  is  it  that  binds 
the  conaeQuent  to  its  antecedent  in  naiurs  ?    Tbe 
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•cii^tilio  iiit«Il«ct  DCTur  can  attaia  rort  until  it  reaebet 
Uie/mvM  hj  whidi  U>o  obverved  gucotiuioa  U  produced. 
It  vas  thus  with  TorriciJli ;  tt  was  tiius  with  Xowtoo ; 
it  is  thus  pre-emineDtl;  with  the  scioatific  man  of  to- 
day. In  common  vith  the  most  ignorant,  he  sharoi 
lh«  belief  tbat  spring  will  nivovcd  winter,  tliat  summer 
will  suoened  Rpring,  th»t  autumn  wtU  suoctiud  summer,  and 
that  winter  will  euoceed  autumn.  But  be  knows  tlill 
foitlier — end  this  knowledge  iscsscnti&l  to  his  intflltvtiial 
n^KWC — Uiat  Uiii  Hucces&ion,  bcxiJus  being  permanent, 
fl,  undvr  the  oircumatances,  necessary ;  that  tlio  gravi- 
taUing  force  exerted  between  the  sun,  and  a  revolting 
sphere  wiUi  an  axis  inclined  to  tho  plane  of  its  orbit, 
must  produce  tba  observed  succcuion  of  the  seasons. 
Hot  uutiL  UuH  relation  btAween  foreeA  and  phenomons 
has  bocu  ektablinhed,  is  the  law  of  reason  rcndcmil 
concentric  with  the  law  of  nature ;  and  not  until  tfab  is 
cSected  doe«  the  mind  of  tli«  ecinntilio  philosopher  rest 
in  peace. 

The  expectation  of  likerc-ss,  then,  in  tbo  procivsion  of 
phenomcnu,  i»  not  tliat  on  which  the  scientific  mind 
fomids  iu  belief  in  the  order  of  nature.  If  the  forco  be 
permatient  the  phenomena  are  neceeear^,  whether  the; 
rewmble  or  do  not  reeemblo  anything  thai  has  gone 
before.  Hence,  in  judging  of  tlio  order  of  nature,  our 
enquiries  evontually  rclalu  to  the  pennatience  of  fi>rcc. 
From  Oalili-o  to  Newton,  from  Newton  to  our  own  ttmct 
eager  rye*  liave  been  ecnoQiog  the  heavens,  and  clear 
beads  have  been  ponderiug  tho  phenotneo*  of  Ute  Kolar 
system.  The  same  eyes  and  minds  luive  been  aim  ob- 
serving, experimenting,  and  reflecting  on  the  action  of 
gravity  at  the  suriaoe  of  the  earth.  Nothing  hasoccurred 
te  indicate  that  the  operation  of  the  law  has  for  a  mo- 
ment been  Kiupmded ;  notJiing  has  over  intitoatod  that 
nature  has  htf&t  erossed  by  spontaneous  action,  ox  U),%t  ik 
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stBto  of  Uiing*  at  auy  time  exl»t«d  which  could  do 
rigoreutl;  deduced  Iiom  the  preceding  etat«. 

Given  the  disUibntion  of  matter,  and  tbe  furees  in 
(qwratioD,  in  ths  time  of  Qalilco,  the  oompertent  tnathe- 
matidjm  of  that  day  eould  predict  vbat  is  dov  occamof 
in  our  own.  We  calculate  eellpw*  in  adYiuic«,  sod  End 
oiir  cidculations  true  to  the  second.  We  d^temiino  tbr 
dates  of  those  that  have  occiurcd  in  the  earlj  time*  of 
hiMoiy,  and  find  calculation  and  liiftor;  at  peaoe.  Ano- 
malies and  pertarbalionit  in  the  placet*  hnre  lieen  over 
and  over  again  observed ;  but  these,  init<od  of  demun- 
RtnUing  any  inconstano;  on  the  part  of  natrnnl  Uw,  Ian 
invariably  been  reduced  to  consequences  of  that  law.  In- 
stead of  referring  the  perturbations  of  UraQiu  to 
intciforcnoc  on  the  port  of  the  Author  of  nature  with 
law  of  gravitation,  the  question  vluch  the  aetronome? ; 
poscil  to  biinMlf  was, '  How,  in  accordance  with  this  lav 
ean  the  perturbation  be  produced  ? '  Guided  by  a  priocipli 
he  was  enabled  to  fix  tlio  point  of  space  in  which,  if: 
mass  of  nutter  were  placed,  the  observed  porturhUie 
would  follow.  We  know  the  result.  The  prvetkal 
tronomcr  turned  bis  telescope  towards  the  region  wlikh 
tlie  intellect  of  the  tiiearvtic  a«troaomcr  bad  already  ex- 
phwed,  and  the  planet  now  named  Neptune  was  fomid  in 
its  predicted  placo.  A  very  respectable  onteome,  it  will  J 
be  admitted,  of  an  ioipuln  which  *  rests  upon  no  latiooal 
grounds,  and  can  be  traced  to  no  rational  priocijOe:' 
which  poesestes  *no  inteltectunl  obaracter ;*  which  'philo- 
«o[Ay '  has  uproot<-d  from  *  the  ground  of  reamn,'  asd 
fixed  in  that '  hirge  irrational  dopartmoDt'  discorensd  bi 
itf  by  Mr.  Moxley,  in  the  hitlierto  unexplored  wiUenM 
of  the  human  mind. 

The  proper  function  of  the  indnctive  prlDrlp)«,  or  Ihs 
belief  in  the  order  of  nature,  sayi  Mr.  Motley,  is  *  to 
as  a  practical  bwU  for  tlia  aAiurs  of  tif*.  and  the  i 
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on  of  huitua  societ}'.'  But  what,  it  may  be  asked,  ban 
the  planet  Neptune,  or  the  bolts  of  Jtipitt-r,  or  the  wUite- 
neaa  aboat  the  poles  of  Klkis,  to  do  with  thu  affiiirs  of 
society?  How  is  »ociety  affected  by  llie  fact  thitt  the 
Sim's  atinoMphere  oontaios  Bodium,  or  that  tbe  ih-hula  of 
Orii>n  containa  hydrogen  (jaa?  Ninetwn-twentieths  of 
the  foic«  employed  in  the  oxcrvt^o  of  tho  indui^ve  prin- 
ciple, which,  r«itcra(c8  Mr.  Mozley,  ia  '  purely  practical,' 
linve  been  expended  upon  !(u1>j«cu  as  unpracticid  a»  these. 
What  practic.ll  intereet  has  Mciety  in  tbe  tact  (hat  tha 
spots  on  the  aun  have  s  decennial  period,  and  that  wh«a 
a  magioet  is  closely  watched  for  half  a  century,  it  is  found 
to  perform  small  motions  which  synchronise  with  the 
appcanutco  and  disnppeatmnc«  of  the  tolar  spots?  And 
yet,  I  doubt  not,  Sir  Edward  Sabine  would  de«m  a  life  of 
jutellectiial  toil  amply  rewarded  by  being  privileged  to 
solve,  at  its  close,  these  infiQiterimal  motions. 

The  iQdni$t)ve  principle  is  f3undod  in  man's  desira  to 
know — a  desire  arising  from  hix  p(>»t  ion  among  phenomena 
which  arc  rcducilile  to  order  by  his  intellect.  The  material 
univoise  ii  the  complement  of  the  Intellect ;  and,  without 
llie  study  of  its  laws,  reason  could  saver  have  awakened  to 
tho  higher  forms  of  eolf-oonsciousneai  at  alt.  It  is  tbe 
non-ego,  through  and  by  wliich  the  ego  is  endowed  witli 
Eclf-Ktiiwcmaicnt.  We  hold  it  to  \».  an  exercise  of  reason 
to  explore  the  meaning  of  a  uniYcrse  to  which  wo  stand 
in  this  relation,  and  the  work  we  have  accomplished  is 
tbe  proper  commentary  on  tbe  methods  wo  have  pursued. 
Before  these  methods  were  adopted  the  unbridled  luuigina- 
tion  roUDcd  through  nature,  putting  in  the  place  of  law 
tbu  figments  of  tuperrtilioti*  dread.  For  thouaands  of 
years  witchcraft,  and  ma^ic,  and  miraclcfi,  and  special 
pfovidimees,  and  Mr.  Mozley's  'distinctive  reason  of  man,' 
bad  the  world  to  themselves.  They  mado  worse  than 
nollung  of  it — toMW,  t  say,  because  the;  VA  «.»&  WAav^. 
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tiwMc  iffao  tniglib  luiv«  ]iiad«  tometliing  of  iL 
is,  ibtX  during  a.  siogle  lifetiine  of  Lhia  era  of  *  uniatcllig«al>j 
impulae,*  tlie  pragrees  in  knowledge  is  All  but  iufiniUt 
coiDiiare<l  with  that  of  tho  agee  whicb  preceded  otm. 

Tbe  believers  in  magic  and  miracles  of  a  eouple  of' 
oeoturitM  ago  liad  all  the  streDgtli  of  Mr.  Model's  prweut 
logic  on  their  tide.     Tbej  had  dooe  for  (JbemaelTes  vbst 
Tic  rcjoioeii  in  having  m  effectually  done  for  a>— doand 
the  ground  of  tlte  belief  iu  the  order  of  nature,  and  dedar«d 
ias»ic,  miracles,  and  witchcraft  to  be  msttera  for  *  ordinarr 
evidoDOo'to  decide.     '  Tbo  principlo  of  miracled'  thua 
'befriended'   had   froc  acopc,  and  wc  know  the   resolU 
J^acking  that  rock-barrici'  of  nattital  kaowledge  which  wc,  M 
laymen  of  England,  now  possess,  keen  juriaUaodeultivat«l^l 
mesa  were  hurried  on  to  deeds,  the  bare  recital  of  wfaidi 
niiikui  the  blood  run  cold.    Skilled  in  all  the  rules  of 
human  evidence,  and  vened  in  all  the  aits  of  crDs»«i- 
amination,  tliew   tnco,  nci'crtbelL-ss,  went  systematieall; 
astray,  and    committed    the    deadliest  wrongE    agaimt 
humanity.   And  why?  Beoause  tlicy could  not  putNatore 
into  the  witness-box,  and  qoestiou  her ;  of  her  voi««k« 
'testimony'  tlioy  knew  nothing.     In  all   ca^^  hcLwMn^ 
man  and  man,  Utcir  jutlgmcut  waa  to  be  relied  on ;  txii  ^ 
in  all   cases  between  man  and  nature,  they  were  bliud 
leaders  of  tbo  LiUod.' 

Mr.  Moiley  concedes  that  it  would  be  no  great 
if  miracIcA  were  only  accepted  by  the  ignorant  atid 
Ktiliou*,  *  becatue  it  is  easy  to  satic^  iJmmb  who  do  not 
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*  '  In  ISM  two  ircnntD  wtn  hon^  in  8ii9itk.  nodcrft  iiiiii  —  wl 
BbUbew  Dole,  vlia  to«k  tb«  oppoRwiiij  at  tltdaAig  lk>t  tta  ntHtj 
«i;(hrrift  mill  uB^vaUonaUs ;  'fbr  lait.  tht  Set^itan*  l^  «■ 
mvA:  Mid  MCmdl/,  tlio  «bd«a  cS  nU  mlioM  had  pranJal  Un  i^^at 
mA  ptnna*,  vUdi  i(  aa  anjqswt  of  llicit  cecHilaiiH  t^  varb  ■  tt^t.' 
&t  IHiaiiiM  Bra«Da,  a&o  wu  a  gr  ^'  ■  (iml  vhur. 

KIM  csIM  M  «  wilMM,  aad  vwa»  pb^  ttt*  ifea 
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Bat  bo  does  oooaidcr  it '  a  grisai  nisult '  that 
tiiej  hare  bmn  ocoi^tvd  by  Ike  educated.  In  vhat  aeime 
educated  ?  Like  tliose  etatesroen,  juristA,  and  church 
dignitariea  whoae  edacation  was  unable  to  save  th«m  £rom 
Ihfl  frightful  errors  gloaood  at  abovo?  Xot  even  in  Uiiti 
teate ;  for  tiu:  great  nam  of  Mr.  Mozl«>y>  eduaa(«d  people 
had  ao  lc!gnl  training,  and  must  have  been  abiolutely 
dHcDoele))*  against  dtltuiona  which  oould  Bet  erea  that 
tiaiuing  at  oaugbt.  Like  nine-tenths  of  our  elergy  at  the 
prewnt  day,  they  were  versed  in  the  literature  of  (jreece, 
Bbme,  an<i  Judca ;  but  as  regards  a  knowledge  of  oaturoi 
which  is  here  the  one  thing  needful,  they  were  *  noble 
sftTSgcs,'  and  nothing  more.  In  the  oase  of  miracles,  then, 
it  behoves  us  to  understand  the  weight  of  the  oegative, 
befortt  wc  aMlgn  a  value  to  the  positive ;  to  comprehend 
the  depositions  of  nature  before  we  attompt  to  tneasiirOf 
with  tbvm,  the  evidence  of  men.  We  liave  only  to  open 
our  eyes  to  see  what  honest  and  even  int4Jlectual  men 
and  women  are  capable  of,  as  to  judging  evidence,  in  tliia 
ninetetiDlh  oentoiy  of  the  Christian  era,  and  in  latitude 
fifty-two  degree!  north.  liie  experience  thus  gained 
ought,  I  ima^nc,  to  influeDCv  our  opinion  m^rdlng  the 
tcstiiaony  of  people  inhabiting  a  sunnier  clime,  wiUi  a 
debar  ImagLnatioD,  and  without  a  particle  of  tliat  rettniint 
whiob  tlie  disooveriea  of  physical  science  have  imposed 
'  upon  mankind. 

^K  Having  thus  submitted  Mr.  Mozley'e  views  to  the  ex- 
^Rioation  which  ttiey  challenged  at  the  band*  of  a  student 
^P  nature,  I  am  unwilling  to  quit  hfs  book  without  ex- 

proaaing  my  high  admiration  and  respect  for  his  abilt^. 

His  foilure,  a«  I  consider  it  to  be,  must,  I  think,  await  all 

attempts,  liowevur  able,  to  deal  witb  the  material  univcnm 
I  by  logic  and  imagination,  unaided   by  experiment   and 

obserradon.    With  regard  to  tbe  style  of  the  book,  I 


M  r&16VE!C1S  OF  SCIENCE. 

viOiBely  lobacribe  to  the  daeription  with  wfaieh  iht 
■  TS»a  *  winds  vf  its  ftble  kod  appredatire  review.  *  II 
b  ■■iliiil  tbM^boDt  vith  the  most  eerioiu  and  etanai 
•oaviotMA,  bot  i*  witlKKit  a  single  word  from  first  bo  bat 
rfipprity  or  iiMJnntlioQ  agalnit  oppoii«atis  and  this  not 
tnm  toy  AcStieacj  of  fading  as  to  the  importaoco  of  tie 
{hob,  hdt  from  a  detibente  at>d  rowlutely  toaintaiiMd 
■cV^oatnl,  and  from  aa  OTer-ndiog,  erer-prment  mbi» 
of  Um  dnty,  oa  tbcnee  like  thece,  of  a  more  than  judichl 


ptft  the  afgWDcnt  ragardii^  the  quantity  of  th« 
,  iDtndMad  at  page  S87,  Mr.  Moxlcj  has  dooa 
the  Iwoar  of  puUiAing  a  Replr  in  tho  MTonth  ralaiM 
•r  lU  *  Ourtiii^ y  Beriaw.*-j.  T.] 
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ADDirtOXAL  MRMAXKS  OS  MIRACLES. 

AmCM  tke  Hnp*  of  ■taaiueript,  writteo    at   the 
vbea  Mr.  Moilirr'a  votk  ooeupied  my  attention,  I  find  the 

^th  tegard  to  tbe  ioflnaee  of  moden  acteaoe  mUA 
ib.  Haaky  rata*  so  low,  one  obrioo*  efiW*  of  it  ia  1* 
cahaBoe  tbe  uagBitade  of  many  of  the  recordid  mirade*. 
and  to  incce—  proportioiiablj  the  diffienltics  of  hdiet. 
Tlio  aacieola  knew  bot  little  of  tbe  rastatm  of  tbe  unlrenR 
Tbe  Bar.  Mr.  Kirinnan,  for  example,  bat  diown  what  ia 
adequate  aotieoa  tbe  Jen  ratertatned  legsnliE^ 
*  flrmaaeot  of  beaToa ;  *  and  Profteeoc  Aii^  reftn  to 
<■»  of  a  Qndi  pbfloeopber  who  was  pmeonttd  fat 
baaanling  tbe  a«ertl«li,  tbsi  dmiDtd  isobMknu,  that  the 
tun  nu^t  be  as  large  aa  tbe  whole  eouati;  of  OrMOs- 
The  coneetttt  of  a  muTCfse,  rcgaided  from  thiJ  foiat  ^ 
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%fi-rc  moch  mora  commensurate  witli  man  nod  his 
cann-Tua  Uuin  Uto«o  of  the  unSvertc  which  micdcc  now 
'r«Taal»  to  ns;  and  hence  that  to  suit  man's  purposes,  or 
tliat  in  compliance  irith  his  pravers,  changes  should  occur 
in  Ibe  order  of  tlie  unirerEe,  was  more  easy  of  belief  to 
the  ancient  voild  than  it  can  be  now.  In  the  very  magni- 
tude which  it  asngns  to  nntoral  phenomena,  Kciettoe  haa 
'•Ugmented  the  distnooe  Vtween  them  and  man,  and  in- 
oreaaed  the  popular  belief  In  their  orderly  progression. 

Aa  a  natural  eonseqaence  the  d<>mand  for  eridence  la 
more  exacting  than  it  used  to  be,  whenever  it  is  affirmed 
that  the  order  of  nature  has  been  disturbed.  Let  ue  take 
ai  an  illtutrution  the  miracle  bjwbicfa  the  victory  of  Joshua 
over  the  Amoritcs  was  rendered  complete  In  this  case 
the  sun  is  reported  to  luiro  stood  still  for  '  a  whole  day  * 
upon  Gibeon,  and  the  moon  in  tie  valley  of  Ajalon.  An 
Englishman  of  average  education  at  the  present  day  would 
naturally  demand  a  greater  amonnt  of  evidence  to  prove 
that  tliis  occurrence  took  place,  than  would  havo  satisfied 
an  Isra^to  in  tlic  age  mcc«oding  that  of  Jooditia.  For, 
to  the  one,  the  miracle  probably  conaisted  of  the  stoppage 
of  a  fieTy  ball  leas  than  a  yaid  in  diameter,  while  to  the 
other  it  would  be  the  stoppage  of  an  orb  fourteen  hundred 
tbouaand  times  the  earth  in  size.  And  oven  aeccpting 
tlip  Intorprvtation  Uiat  Joabua  dealt  with  what  was  apparent 
merely,  htit  that  what  really  oceurrcd  was  the  suspension  of 
the  earth's  rotation,  I  think  the  right  to  exerdae  a  greater 
reserve  in  accepting  the  miracle^  and  to  demand  stronger 

Pence  jn  support  of  it  than  that  which  would  have 
ficd  an  ancient  Israelite,  or  than  that  which  would 
BOW  tatisfy  the  arclialc  editor  of  the  *  Dublin  Review,*  will 
Mill  be  concedt.-d  to  a  man  of  itcience. 

There  is  a  scientific  aa  well  aa  a  historic  imagination ; 
and  when,  by  the  exerdee  of  the  former,  the  stoppage  of 
tlw  earth's  rotation  is  dearly  realised,  the  event  assumes 


MS 


PRAOMEJtlS  OF  8CIBXCB. 


oothiae    I 

Dgr«K«H 
i  in  tb«|| 


pMpOTtion*  so  vast,  in  compKriwn  with  thi?  n-Eult  to 
obtained  by  it,  that  belief  reels  under  the  rdlcction. 
energv  h^ro  inroWod  ia  equl  Ut  that  of  nx  trillion*  of 
horses  working  for  the  whole  of  the  titao  empIo^Hl  bj 
Jo«hua  in  the  dentnictioa  of  his  (bee.  The  amdbnt  of 
power  thus  expendcxl  would  bo  sufficient  to  supply  amy 
individual  of  nn  army  n  thoumnd  times  the  strength  of 
thut  of  JosliuiL,  with  a  thouaaod  (inxai  the  Rgfaliug  pintvr 
of  each  of  Joshua's  soldiers,  not  for  the  few  hours  nionisij 
to  the  extinction  of  a  handful  of  Amorites,  but  for  milUou 
of  years;.  All  this  wonder  is  sileotly  passed  am  by  the 
sacred  historian,  confossodly  becwm  he  knew  oothiae^ 
about  it.  Wliirther,  thereforft,  we  consider  the  mintcli- 
purely  evidential,  or  aa  a  praotical  means  of  ve-ng 
the  same  lansb  vquaudering:  of  energy  stares  us 
lace.  If  evidentia],  tiw  energy  was  wasted,  becanw  tl» 
Israelites  knew  nothing  of  its  amount;  if  simply  de- 
slructtvG,  thvn  tho  ratio  of  the  quantity  Wt  lo  tbst 
tHAployed,  may  bo  inferred  from  tho  foregoing  iigiires. 

To  other  niiraclcssjmilar  remarks  apply.  Tmnsferrin 
our  tlioughts  from  ttiis  little  sand-grain  of  an  eartJi  to  Ik 
immcasursble  heavens,  where  coantlea  worlds  with  irtighi 
of  life  probably  revolve  unseen,  the  very  eons  which  wann 
tlicm  being  Inrely  visible  across  abysmal  space ;  reflectisf 
that  beyond  theoa  sporlu  of  toha  fire,  suns  ionumraslk 
nay  bum, whose  lightcan  never  stir  theoptienenrcatalli 
and  bringing  these  refleciunu  &ce  to  foee  with  tbe  IdM  of 
the  Builder  and  Sostainer  of  it  all  showing  Himself  ins 
burning  btish,  exhibiting  Hix  hinder  paTt4,  or  bebariM 
in  other  familiar  ways  aM:ril>nl  to  Him  in  the  Ja*-_ 
ish  .Scriptures,  the  incongruity  must  appear.  Did 
credulous  prattle  of  the  ancients  about  miracW 
alooe;  were  it  not  associated  with  words  uf  imj 
•bJe  wisdom,  and  with  example*  of  monl  {^randeiir  ^ 
Batdied  elsewhere  in   tbe  bistoiy  ef  the  bomui  ne^ 
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both  Uw  mimclos  and  Uicir  '  i-vidcmofR '  would  Uav«  lonj; 
nnoe  oeaded  U»  lie  tho  tjaDsiDitte<]  intifirftanoe  of  intelligent 
meo.  Influenced  by  the  tfaouglits  which  this  oniveraa 
ins|>ii-4?s,  well  may  wc  oxcIaIiq  in  David's  spirit,  if  not  in 
David's  words :  •■  \Mien  I  coiuidcr  the  ht^reuit,  the  work 
of  Ihjr  fingen,  the  moon,  and  the  »Ui*,  which  thou  but 
ordatui-d ;  whnt  is  man  that  thou  eboiildst  be  mindful  ol 
him,  or  the  con  of  man  that  thou  ehouldst  so  regard  him  ? ' 
If  you  luk  me  who  is  bo  limit  the  outgoing*  of  Almighty 
power,  my  answer  ia,  not  I.  If  you  xlioiild  urge  tint  if 
UiD  Builder  and  tbe  Maker  of  this  universe  chose  be  niap 
the  rotation  of  the  earth,  or  to  take  the  form  of  a  burning 
buah,  there  is  notliintf  bo  prcrent  llim  from  duing  so,  I  uu 
not  prepared  to  coitlnulict  yoii.  I  neither  agree  with  you 
nor  differ  from  jou,  for  it  i«  a  ttubject  of  which  I  know 
nirfhing.  But  I  oluerve  that  in  such  questions  regarding 
Almighty  power,  your  enquiiiea  relate,  not  bo  that  power 
a&  it  is  aetiudly  displayed  in  the  univene,  but  to  the 
power  of  your  own  imagination.  Your  question  if,  not 
luu  llio  Omnipotent  done  so  and  so  ?  or  is  it  iu  tbe 
Iviut  d<!gTec  likely  that  the  Omnipotent  vliould  do  so 
and  M>  ?  btil,  is  my  imagination  comjMitent  to  picture  a 
Being  aiile  and  willing  to  do  so  and  so  ?  I  am  not  pr«> 
pored  to  deny  your  competence.  To  tho  hiinuiu  miiMl 
bvIongB  the  faculty  of  enlMgiog  and  diminisliing,  of  di;i- 
tnrting  and  combining,  indefinitely  the  objeeta  revealed 
hy  the  KDsef;.  Tt  can  imagine  a  mouae  as  large  as 
an  elephant,  an  elephant  as  large  as  a  mountuin,  uid  a 
motiolain  as  high  as  the  stars.  It  can  sopanite  eongrult  Jes 
and  utkitu  iui-ongruities.  \Vc  sec  a  fish  and  we  bm  a 
womiui ;  we  can  drop  one  half  of  eaelt,  and  unite  in  idra 
the  other  two  lialvcs  to  a  mermaid.  We  see  a  hor^e  and 
we  i«s  a  man  ;  we  are  able  to  drop  one  ludf  of  each,  and 
unite  the  other  two  halves  to  a  centaur.  Thus  also  tbe 
pictorial  repceeentaUons  of  (he  Deity,  the  VodV«  ami-MVngh  ^ 
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of  cbeniba  and  ecrnpli*,  tlie  boob,  boros,  and  tail  of  < 
Evil  One,  Uiv  joy*  of  tlie  iileMed,  ami  tlte  tormonts  of  I 
damned,  have  been  elaborated  from  materials  fumialicd  U 
the  inufni'^ti^D  ^5  t^c  BPoeet.     And  it  behove*  you  wid 
mo  to  take  cwio  that  our  iioti<HU  of  the  Power  which  njei 
the  imiveiHe  are  not  inere  EbDoiful  or  ignorant  etdaig^ 
moDte  of  human  power.     The  eapabilitiea  of  wlmt  yon  caD 
your  ruLSon  are  not  denied.   Bytheexerdae  of  tltc  titcully 
here  adverted  to,  you  can  piolure  to  yourself  a  Being  alJa 
and  willing  to  do  any  and-every  conoelvablo  thing.     Von 
are  right  in  raying  that  in  opposition  to  this  Powor  iciana^: 
is  of  no  avail.    Mr.  Mozl<rr  would  call  it  'a  weapon  ^M 
air."     Tlie  man  of  science,  howaror,  while  accepting  ih^ 
figure,  would  probably  reverse  itA  application,  thinking  it  ii 
not  science  which  is  here  tbe  thing  of  air,  but  that  immb- 
ttantjal  pagoaot  of  tlie  imagination  to  which  the  tolidi^ 
of  aoienoe  is  oppowid. 


m. 

SCIENTIFIC  MATERIALISM. 

idoe. 

r£  colcbnit«d  Fichtc,  in  his  lecturas  on  the  *  Voca- 
tion of  the  ScbolftT,'  intintcd  oii  a  culture  wtiich  Mhotild 
not  be  ooe-tided,  tiut  all-iiidod.  Th«  scbulur'n  intellect  wan 
to  erpand  spherically,  aod  ndt  in  a  single  direction  only.  In 
one  direction,  however,  Fichtc  retiuired  that  the  schoUr 
•Itoulil  apply  himself  direcUy  to  nature,  bocoinc  a  cn.-ator 
dC  knowledge,  ukI  thus  rvpay,  l^  original  labours  of  big 
own,  the  inuuente  debt  be  owed  to  the  labours  of  others. 
It  was  tbete  which  enabled  him  to  supplement  the  know- 
ledge derived  from  his  own  reBc^rohes,  so  as  to  render  hia 
culture  rounded  and  not  one-dded. 

As  regards  science,  Fichte's  idea  is  to  some  extent 
iUuttnt«d  by  the  cmutitution  and  labours  of  the  British 
AsMctatios.  We  have  here  a  binly  of  men  cnga^^ed 
in  the  pursuit  of  Natural  Knowledge,  but  variously 
engaged.  While  sympathising  with  each  of  its  dcpart- 
meots,  and  supplementing  his  culture  by  knowledga 
drawn  from  all  of  tliem,  each  student  amongHt  us  elects 
one  subject  for  the  exercise  of  his  own  original  faculty— 
one  line,  along  which  he  may  carry  the  light  of  hia  private 
intelligence  a  little  way  into  the  dArkocss  by  which  all 
knowledge  is  surrounded.  Thn«,  the  ge^Iogirt  deaU  with 
the  rocks;  the  hiologiiit  with  the  conditions  and  pheno- 
mena of  life ;  the  astronomer  with  stellar  masses  and 
motions ;    the     mathematician    witli     the     relations    of 
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»-p&w  and  numb« ;  the  chcmirt  piinim-s  hU  atoms ;  whl 
tlic  plijitical  iuvfMtigalor  has  ln»  owu  larg<>  tieM  in  opti< 
tbermul,  electrical,  acoustical,  ud  other  pheaomniit- 
The  Brituh  Association  tbcn,  m  a  whole,  &oeit  pfajrdoU 
nature  od  all  sidu*,  and  poilies  knowled^  eentrifugally 
oulwardR,  the  sum  of  its  labours  constituting  what  Hchte 
might  call  tjio  spktn  of  n&turul  knovlcdgn.  In  tha 
meetings  of  iho  Anodatlou  it  i»  fottnd  oeoewaty  to  re> 
tolve  tiiis  sphere  Into  its  component  parts,  whidi  take 
concrete  form  under  the  respective  lettors  of  oar  Sections. 

This  is  tJio  Mathematical  and  Physical 
MathcmnticM  lUid  physios  have  been  long  accustooicd 
CKwltwce.  For,  no  matter  hov  subtle  a  natiinil 
monoD  may  be,  whether  we  ^bserre  it  in  the  regioo 
sense,  or  foUov  it  into  thai  of  imagioation,  it  if  in  th« 
long  run  rcdiicihlo  to  mechanical  lawi.  But  Ilia  m^ 
cbai>ical  data  once  guetsod  or  given,  mathematita  bemoK 
all-powerfiit  as  an  iuRtnunent  of  dediictiao.  The  eon- 
mand  of  Geometry  over  tlie  relations  of  space,  and  tlie  fiu^ 
reaching  power  which  Analysis  eonfora,  are  potent  butb  i 
nic»D»  of  physical  discovery,  and  of  rcuprng  tlia 
fruits  of  discovery.  Indeed,  without  nuitbematica, 
pressed  or  implied,  our  knowledge  of  physical  scimc*^ 
would  be  both  &iablc  and  incomplete. 

Side  by  slda  with  tlie  mathematical  method  we  iaivf 
thfl  method  of  experiment-  Hurc,  from  a  startin^foiiit 
liimished  by  his  own  refimrebea  or  tho«  of  others,  th* 
inreatjgator  proceeds  by  oombining  intuition  and 
fication.  Ha  poutleca  the  knowledge  Ih^  p*«wjws, 
trtirs  to  puHh  it  further ;  he  gurMO,  and  ebeelw  bis  j 
be  oonjectUTM,  and  oonlirms  or  explMlo*  hi«  nouJMt 
Thc«r  gussMs  and  conjectures  are  by  no  means  leaps 
the  dork;  for  kDOwlc<Igo  once  gained  emttt  a  failti 
light  beyond  its  omd  imm«diat«  b<> 
disomuij   to  limited  as  not    to 
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iUelf.  Tlie  Torot!  of  intollvetuul  ponotration  ioto 
bbis  peaumbTal  region  which  nirroundit  udiukl  knowlrdgc 
\m  Dot,  ta  same  seem  to  think,  dependent  upon  meUiod, 
bat  upon  the  genius  of  tbo  inrestigfttor.  There  is,  how- 
ever, no  genius  «o  giflvd  ut  not  to  need  control  and  veri- 
Gcstion.  Tlie  profoiutdettt  mindt  know  best  that  Xaturc'a 
tnyg  are  not  at  all  times  their  vajs,  and  that  the  brjgtil- 
eet  Basbea  in  the  woild  of  thought  are  incomplete  until 
Ut^  bavo  been  prorod  to  bare  their  counterparts  in  th« 
world  of  fiact.  Thuii  the  vocation  of  tlw  tnic  expi^rimoit- 
alitit  may  be  defined  as  the  continued  exercise  of  spiritual 
(ludgfat,  and  ita  incessant  correction  and  realisation.  Uia 
experiment*  oonstituto  a  bodj,  of  which  bis  purified  in- 
hdtiona  are,  u  it  wore,  tli«  kouI. 

Partly  through  mathematioal  and  partly  through  ex- 
perimental research,  physical  science  has,  of  lato  yean,  as- 
sumed a  momentous  position  in  the  world.  Both  in  a 
material  and  in  an  iotollectual  point  of  view  it  has 
prodooAd,  and  it  is  destined  to  produce^  iraniense  obangM 
— vast  social  amelioiations,  and  vast  alterations  in  the 
popular  coQoepUoD  of  the  origin,  rule,  aod  governance  of 
oatuml  things.  By  wictice,  in  tbo  pbysJcal  world,  mln- 
cles  aro  wrought,  while  pliilottophy  is  forakking  its  anoicot 
metaphysical  ehanneJit,  and  pursuing  others  whicb  haw 
boon  opened,  or  indicated,  by  eoieutifie  research.  This 
most  become  more  and  more  the  case  aa  philosophical 
writers  bcoomo  more  deeply  imbued  with  the  method*  of 
science,  better  aicquainted  witli  the  fitcta  which  scientiJia 
men  have  estaUisbed,  and  wiUi  the  great  theories  which 
they  have  elaborated. 

If  you  look  at  the  bee  of  a  watch,  you  see  tbe  hour 
and  minute-handj!!,  and  posdbly  also  a  seoond-band, 
moving  over  the  graduated  dial.  Why  do  those  bands 
move  ?  and  why  are  their  relative  motions  sueb  as  tJiey 

LobMsved  to  be?    These  qnestions  cuuioi  be  K&v««t«& 
SO 
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viUtout  opening  the  watfih,  mastering  lU  Tkrioiu  puU, 
and  asoertaiuitig  tlielr  r«latioiuhip  to  cacli  other.  Wba 
tkis  u  (lone,  we  find  that  the  obsorred  motioa  of  the 
bonds  follows  of  nKcaait;  from  the  inner  mecbuufm  of 
tha  watch,  when  acted  upon  hy  the  fonee  inrosted  ia  tke_ 
•pring. 

The  motion  of  Uie  Iinndfl  may  be  called  a  pi 
of  art,  biit  the  ease  is  ainular  with  tho  pbeoonunK  lH 
saturck  These  also  have  tixAr  inner  mechani&tn,  and  their 
store  of  force  to  set  that  mechanism  gmng.  The  ultimate 
problem  of  pbysicul  science  is  to  reveal  this  mwhuiifmi 
to  discern  this  store,  and  to  show  that  from  Um  oombiiud 
netion  of  both,  the  phenomena  of  which  they  coutitiite 
tbe  batds  must,  of  neceedty,  flow. 

I  thought  as  attempt  to  giro  you  eveo  a  brief  aad 
sketehy   illustration  of  the  manner  in   which   HacBtife 
tbinken  regard  this  problem,  would  not  be  unint 
to  you  on  the  preaeot  occasion ;  more  eqteciaUy  as  it ' 
give  mo  occasitm  to  tav  a  word  or  two  on  the 
and  limits  of  modem  science ;  to  point  out  tbe  regica 
whidi  men  of  Kiciice  claim  a*  their  own,  and  where  it  it 
mere  waste  of  tioae  to  oppose  tbeir  advance;  and  also  to 
define,  if  possible,  the  bounw  betveoa  this  aod  that  othtr 
rofcion,  to  which  the  questionings  and  yeamings  of  the 
Mienlific  int^^ect  are  directed  in  vuin. 

But  here  your  toleraaoo  will  be  niwdcd.     It  was  tbe 
American  Emerson,  I  think,  wbo  said  that  it  ia  hai^t 
possible  to  etato  any  truth  etrongly,  without  apparent  in- 
justice  bo  some  otlier  truth.     TmUi   Is  often  of  a  dual 
charaoter,  taking  tbe  form  of  a  magnet  with  two  polot 
and  many  of  the  differences  which  agitotu  the  *Kinirtti][ 
port  of  monkinil  are  to  ttc  traced  to  tbe  exclunTetMSs 
which   purtinn  reoaoDon  dwoU    upon  one  half  of 
duality,  in  forgetfulness  of  thu  other.     The 
appears  to  be   to  state   both  halve*  stroOt^...' - 
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each  its  &ir  Bharc  in  the  tbrmation  of  the  resultAiit  con* 
TictioD.  But  thii  waiting  for  Umj  etatemimt  of  the  tvo 
of  tt  quecUoD  Emplit.-i'  patit^aoa  It  implies  a  n- 
lution  to  BuppKS  indignatioD,  if  the  statemeut  of  tbo 
aae  half  should  clash  with  our  connetions ;  and  to  repress 
vqiiolly  itnditc  elation,  if  Ui«  half-Mt«Lcmcnt  should  happen 
to  chiioe  in  with  vat  new^.  It  implies  a  determinalioD 
to  wait  calmlj  for  the  statement  of  the  wbaie,  before  we 
proD04tnce  judpmpnt  in  the  form  of  either  a«quiescence  or 
dUsent. 

ThiH  pmniRTd,  luid  I  tnist  aece|>t«d,  let  tu  enter 
upon  our  ta.^h.  There  have  been  writers  who  affirmed  that 
tlw  pyramids  of  Egypt  were  natuial  productions ;  and  in 
bis  carlj  jouth  Alciandor  von  Ilimiboldt  wrote  a  learned 
«May  with  the  oJcpreMi  object  of  refuting  Uii«  notion.  Wo 
now  regard  the  pyramids  aa  the  work  of  men's  hand«, 
aided  probably  by  machinery  of  which  no  rciwrd  remains. 
We  picture  to  our»lvef  the  twarming  workon  toiling  at 
ibow  rast  ereciio&fi,  lifting  the  inert  iitone*,  and,  guided 
bj  the  volition,  the  ^ill,  and  possibly  at  times  by  llm  whip 
of  the  arirhitcct,  plariog  them  in  their  proper  positions. 
The  blocks,  in  this  ca»c,  wore  moved  and  po»itod  by  a 
pimcr  extcmal  to  theiuielves,  and  the  final  form  of  the 
pyramid  eipwed  the  thought  of  ita  human  builder. 

Let  us  pass  from  this  iUuBtntioa  of  constnicUve 
power  to  another  of  a  different  kind.  When  a  solution  of 
eonuDon  salt  is  slowly  evaporated,  the  water  which  hold* 
the  salt  in  solution  dUappean,  but  Ihc  wilt  itself  remains 
bebiod.  At  a  certain  stage  of  conceiitralion  the  salt  can 
no  longw  retain  tho  liquid  fonn ;  its  particles,  or  mol&* 
cule".  as  they  arc  called,  begin  to  deposit  themselves  as 
mintit<'  MlidH,  bo  minute,  indeed,  as  to  defy  all  micro- 
sctipio  power.  As  eToporation  continiun,  soliditication 
gutt  on,  and  we  finully  obtain,  through  the  cluntering  tu- 
fetber  of  ionumernble  molecules,  a  daiie  cryKU-ilUae  m>!.'« 
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of  ft  definite  fann.  Wlnt  is  thiK  form  f  It  mo 
•wms  a  mimicty  of  the  arclulwture  of  EgjfL  We  kn 
Ultlfl  pjramtils  built  b;  tlio  salt,  Uimoe  sbore  lenw 
from  lata  to  spex,  fi>nBJnj[  s  Meri«  of  a(«f)a,  ininniM^ 
(bnn  lip  vliidi  tbo  SgTptiui  tnvaUer  is  dx^xcd  ^'Ui 
piidai.  The  Immiui  miud  is  as  littis  dispoved  to  lonk  » 
qnesdooiii^  at  tbaw  pjrnunidaj  sall-crfstals,  u  U  lo«k  il 
Um  pyramids  of  Egjpt,  witbont  emjuirinK  wbenee  t>iri 
came.     Uow,  tli«D,  are  Uitwe  saJt-pjramiiJa  bidU  op/ 

Giiidnl  b;  BiuloKy,  ymx  diav,  if  von  lilte,  suppcM  Unl. 

Etrarming  amtmg  tbe  oontituent  nmlecules  imT  tiie  bH. 

thsre  i»  an  JnTi«Iti]«  popcilotion,  cootrollixl  nod  eoercs)  h} 

nme  inviitUe  master,  and  pludng  tbs  atomie  Uoeb  in 

Uieir  podtJoDi.    Tbii^  boworer,  is  not  tbe-  *oi<iitik  bbb 

BM-  do  1  thiak  jpour  gooA  seoM  will  accept  it  a«  a  bUf 

«M^    The  acicnlilic  idva  i^,  that  thn  mnlccula  act  q«a 

«adi  utbiir  witboitt  Uw  iiilrneDtioa  of  iJnvp  labour ;  tbi 

Ibcnr  attract  eacii  oUmt,  attd  rope!  eofb  nther,  ftt  ooUia 

definite  pointy  or  pal«,  aod  in  cartaio  definjit;  dimtiiH: 

sad  that  tlK  pyramidal  form  In  the  rault  of  tbf*  pluj  J 

attnetinn  and  r(>pulMon.     Whilv,  tJien,   tbe   Uncki  </ 

El^pt  were  laid  down  by  a  power  oit^rnnl  to  Uwmielm^ 

thtar  mi^tecular  blocks  of  alt  aiv  self^ponjted,  bein^  find 

in  tbrir  plaeoa  hj  (be  forces  witb  whicb  tiiey  act  upM 

«*eli  otber. 

I  take  common  nit  as  an  QIiiArnUon,  beuinM-  it  ii« 

^Miliar  to  its  all :   but  any  otluu-  cij-atalliiit!  snbtaM 

wmM  VMtmm  mT  pirpoao  eqiaUy  woU.     Evemrbwe,  ii 

.  tknogboot  inorguita  uatorti,  we  ba\-e  this  fonnstht 

■»  Fidilc  wmdd  oUl  it — this  Mnwtiiral  enersr 

ttmif  l»  ooiBe  inia  fiay,  and  biul^i  (he  uliimsto  partkli^ 

uf  ■•Mm'  tato  didnito  ^p«e.     Tbo  ioo  of  our  winlen. , 

•ad  aC  Mir  polai-  r^ooa,  it  its  baoitiwurk,  and  to  abi 

•fwllw quarts,  felspar, and  mira  nf  our  rocks.     OordiaJk-' 

.»  tit  tw  no4.  fart  eompu*!^!  nf  minitte  sbcU*, 
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vhich  ar«  al»o  tbo  {troduct  of  stnicturul  caorg}' ;  but 
Itebiod  the  ilieU,  aa  a  wbolc,  li(»  a  moro  rrJool«  awl  BubUo 
foftnativQ  act.  Tbeae  sbells  are  built  up  of  little  cryitlal« 
of  calc-spar.  ancl,  to  fonu  tbew  ci^stals,  the  structural  force 
had  to  dual  with  tbe  intangiUo  moliscules  of  carbonate  of 
lime.  Tbis  tvndenc]^  on  tlie  i>art  of  tnatt«r  to  orgaoiM 
(Mflf^  to  f^row  into  ahap«,  to  awuma  definite  forms  {n 
obedieDM  lo  tbe  detinite  action  of  force,  ia,  as  I  hare 

id,  all-porrading.     It  i»  in  tlie  ground  on  which  you 
in  tbe  irater  you  drink,  id  tbe  air  you  breathe, 
pent  lite,  as  it  were,  nanifestA  itaetf  throughout  tbe 
wliols  of  what  wo  call  tnoi^uic  nature. 

Ilie  form)  of  ihe  minnralH  ratidling  from  Ibis  play  of 
polar  forces  are  various,  and  exhibit  dilfttrent  dt^rem  of 
oomplexity.  Man  of  Ecieuoe  avail  themselves  of  all 
ibte  means  of  exploring;  their  molecular  architecture. 

br  this  purpoM  tboy  timploy  lu  turn,  as  agenta  of  ex- 
ploration, light,  heat,  magneti«m,  clcotricity,  and  sound. 
Polarised  light  is  eepeciaily  useful  and  powerfVil  here.  A 
beam  of  such  liglit,  when  sent  in  among  tbe  tnt^ecules  of 
A  crystal,  is  acted  on  by  them,  and  from  this  action  we 
infer  witfa  more  or  Ium  cImthcm  tito  manner  in  which 
the  molecules  are  arranged.  That  difierenoes,  for  ex- 
ample, exist  betweea  the  inner  structure  of  tock-ialt  and 
oiystolliEvd  sugar  or  sugar-oundy,  it  thus  strikingly  re- 
vved. These  actions  often  di^lay  themselves  in  chro- 
matic ptieoomena  of  great  splendour,  the  play  of  mole- 
cular force  being  so  regulated  as  to  remove  some  of  the 
colotired  eouatituents  of  white  light,  leaving  others  with 
inereajted  intensity  behind. 

And  now  let  ob  pass  irom  what  we  are  sociialomed  to 
n^:ard  as  a  dead  mineral,  to  a  living  grain  of  com.  When 
Ifais  is  examined  by  pobirifvd  light,  chromatic  pbonomeoa 
vimilaT  to  tboso  noticed  in  crystnU  are  obeerved.  Aud 
vby  ?    BocatiH  tbe  architecture  of  the  grain  lenembleaOM 
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krch!t«cture  of  ihe  crystal.  In  the  Rrais  also  tbo 
ciilee  are  set  in  dt^nnite  (wsitioiu,  and  in  sceardaDoe  mi 
their  Brrangvinwat  tlii^y  not  irpon  the  IlgbU  But  what 
hii«  1>uiH  toother  the  roolfwulen  of  the  oom  ?  Regarding 
crystalline  architectare,  I  hare  already  said  that  you  mxj, 
if  yon  pleaue,  consider  the  atoms  and  moleeulM  tj>  bs 
plnced  in  position  by  a  power  external  to  IheEuselt'es. 
Tlic  same  hypotheMiA  i*  opoii  to  you  now-  But  if  in  tbo 
cjue  of  cryftab  yoa  have  rciected  thii  notion  of  an  extcnta) 
architect,  I  think  jou  are  bound  to  reject  it  now,  aad  to 
conclude  that  the  molecules  of  the  corn,  atso,  are  pD<i 
by  Iho  forces  with  which  tfacy  act  open  each  other, 
wniilil  be  poor  philixwiphy  to  iOToke  an  rxtrtnul 
in  the  4Hie  case,  and  to  reject  it  in  the  other. 

Inst«ad  of  cutting  our  praio  of  oom  into  slices  and 
subjecting  it  to  the  action  of  polarised  light,  let  ug  place 
it  in  the  uuth,  and  subject  it  to  a  cextain  degree  of 
wannth.  In  other  words,  let  the  molecules,  both  of  the 
eom  and  of  the  surronndiag  earth,  lie  kept  in  that  Gt«t« 
of  agitation  which  we  call  beat  Under  tltew  circnm* 
staooes,  the  groin  and  the  subetanoes  which  surround  it 
interact,  and  a  definite  molecular  architecture  is  the  rwolt. 
A  bud  is  fbnncd ;  this  bud  rcaobeii  the  siirfare,  wboe 
it  is  exposed  t>  the  tun's  nys«  which  are  aim  to  I* 
reganled  as  &  kind  of  vibratory  motion.  And  as  the 
motioo  of  eominon  heat,  with  which  the  grain  and  the 
Bubttancea  surrounding  it  were  first  endowed,  eiwblad  the 
grain  and  these  substancm  to  exercise  their  mutual  attrae- 
tioDsand  repulsions,  and  thua  to  coalesce  in  delinito  fonns, 
so  the  specific  motion  of  the  aun's  rays  now  enables  the  gn^s 
bud  to  feed  upon  the  carbouic  acid  and  the  aqueous  tapow 
of  the  air.  Tlio  bud  sppropriotes  those  oonsUtueata  -t 
both  for  which  it  has  an  elective  attractioD,  and  pennils 
the  [ithvr  censlitucnt  to  resume  its  place  in  the  almiMphssvb 
lliuB  the  arohitccturv  is  carried  w.     Forces  aiv  Mtin  at 
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Qui  n>otf  forces  are  letive  in  fcbo  bUdc,  thn  IIUltt'^^  of  th« 
eartli  sod  tlitr  luaUur  of  the  sUaowpbera  are  tlrawn  towafdi 
(be  root  and  blade,  and  the  plant  augments  in  nxe.  We 
Iwve  in  succeadon  the  etalk,  the  car,  the  full  corn  in  the 
vr ;  the  cycle  of  moleeular  actiou  beiu^  completed  b;  the 
production  of  gmins,  limilar  to  that  with  which  the  process 
bepan. 

Now  there  is  notliing  in  this  process  which  occcsearilj 
eludes  tbe  coDoeplfv«  or  imagining  power  of  tbe  human 
mind.  An  intellect  tbe  same  in  kind  as  our  own  would, 
if  uulj  snfHeiently  expanded,  be  able  to  follow  the  whole 
pMcess  firom  bc^nning  to  ood.  It  would  «ec  uvery  raolo* 
ciile  placed  in  it*  potiilioa  by  the  9])eotric  attractionH  and 
ropiiUJoD*  (•-lertirf  between  it  and  other  molecules,  the 
whole  pn>cc«R,  and  il»  coDMtmmalion,  being  an  instance  of 
the  play  of  nwileciiUr  force.  Qiven  tJie  grain  and  ita 
lAviroDtnent,  tbe  purely  human  intcUeet  might,  if  suffi- 
ciently eipandod,  trace  out  4  priori  every  stop  of  the 
prooeas  of  growth,  and,  by  the  application  of  purely 
mechanical  principlM,  demonstrabe  that  the  cydo  mtist 
sDid,  at  it  j«  seen  to  end,  in  the  reprodnction  of  forms  like 
that  with  which  it  began.  A  neoeoiiity  rules  here,  similar 
to  chat  which  rules  the  plancta  in  their  cironita  roiud  the 
■uu. 

You  will  notice  that  I  am  Htatiug  the  truUi  strongly, 
B3  at  the  beginning  we  agreed  it  should  be  stated.  But  I 
miuit  go  tttll  fiiTthtir,  and  affirm  that  in  the  eye  of  science 
tha  aninuit  bcl^  is  just  as  much  the  product  of  molecular 
force  as  the  stalk  and  ear  of  com,  or  as  the  crystal  of  salt 
or  sngar.  Many  of  the  pnrt«  of  the  body  arc  obviously 
mecbanical.  Take  the  human  heart,  for  example,  witli  its 
syftem  of  vulvc^  or  take  the  exqujfite  mechanism  of  the 
eye  or  hand.  Animal  heat,  moreover,  is  the  same  in  kind 
as  tbe  heat  of  a  fire,  being  produced  by  the  same  chemical 
proccoj.    Animal  moUon,  too,  Is  a«  diieciVi  deiive^  ^TMtt 
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the  food  of  the  aoimil,  as  the  motion  of  Tm-elhTd'' 
v&lkiiig-fliigiiic  from  tiie  ftid  in  lU  (iinucek  Ax  rvigvdi 
mottor.  Hie  unimal  bod;  creaU»  nothing ;  as  ngiuA»  Ibree, 
it  ereotce  nothing.  Whicb  of  you  bv  taking  thought  ean 
one  oubit  to  bis  stating  ?  All  that  has  boeo  nid, 
then,  regarding  the  plunt,  may  be  testat«d  with  regard 
tho  animal.     Every  particle  that  eDt«ra  into  Uic  oom; 

rtion  of  a  muscle,  a  nerre^  or  a  bone,  has  been  placed 
ita  position  by  molecular  force.    And  unlees  the  eziat«iM»i! 
law  in  th(?«o  matters  be  denied,  and  the  element  of 
aprice  introduced,  we  miui  cooelude  tliat,  gireo  the  re- 

tlatlon  of  any  molecide  of  the  body  to  ita  esTiroiunait, 
ita  position  in  the  body  might  bo  determined  mathe- 
matically.    Our  difficulty  is  not  with  the  qualiij/  of  thi 
problem,  but  with   ita  oomplftcffy;  and   this  difficult 

Liuigbtbe  met  by  the  simple  ozpanEion  of  the  £Bcultiea  m 
DOW  possess.  Gives  this  expansion,  with  the  moeesaiy 
molecular  data,  and  the  chick  might  be  deduced  as 
rigorously  and  as  logically  from  the  egg,  aa  the  frirt'tw* 
of  N<^tuiMi  from  the  disturbanoeti  of  Uranus,  or  as  eonial 

I  refraction  from  Ui«  undulatory  theory  of  light. 

Yon  tee  I  am  not  mincing  matters,  but  arowing 
nakedly  what  many  scieaUfie  thinkers  more  or  las  db- 
tiactly  bclicTo.    The  formation  of  a  crystal,  a  plant,  or 

reo  animal,  is,  in  their  eyes,  a  purely  mechanical  prolJera, 
which  differs  from  the  problenu  of  ordinary  mechanics,  ia 
the  smaltness  of  the  massea,  and  the  complexity  of  the 
prooeBsea  involved.  Here  you  have  one  half  of  our  dual 
troth ;  let  us  now  glance  at  the  other  hall^  Asaoeiated 
with  this  wonderfal  mechanism  of  the  animal  body  w« 
have  phenomena  no  lets  oertaio  than  tliose  of  phyiies, 
between  which  and  the  mechanism  we  disoeni  do 

ttary  eonnection.     A  man,  for  example,  can  my  'I 
*f  think,*  *I  lore;*  bat  bow  does  conta*»i»ntta  infi^ 
itaelf  into  the  problem  ?    The  human  Iiivn  Is  laid  to  W 
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the  organ  o(  tiioiight  and  feeling :  when  we  are  htui,  tfas 
brain  fcelfl  it ;  when  wc  pondor,  it  is  the  brain  that  thinks ; 
when  our  pasiioiu  or  affoctioiu  ore  excitod,  it  is  through 
the  instrumeutulil.^  of  the  brain.  Let  us  eodMVuur  to 
be  a  little  more  precise  here.  1  hardly  ima^ne  there  exists 
a  profound  kiodUIic  thinker,  who  baa  reHected  upon  the 
mbject,  unwilling  to  admit  the  cxtrumc  probability  of  tl>e 
bjpotheais,  that  fur  ever;  fact  of  oonsciotuutiss,  whcUtnr 
io  the  domain  of  sense,  of  thought,  or  of  etnotioo,  a 
definite  molecular  condition,  of  motioo  or  etnicture,  is  ect 
up  in  tlic  bruin;  or  nho  would  be  disposed  cvgu  to  <Icny 
that  if  the  ugtion,  or  structure,  be  iuduood  bj*  intornul 
causes  instead  of  external,  the  cffoct  ou  coiuoiousneM  will 
be  the  same  ?  Let  any  nerve,  (or  example,  be  thrown  by 
morbid  action  into  the  precise  state  of  motion  which 
would  bo  communicated  to  it  by  the  pnbea  of  a  heated 
body,  EUrely  that  nervo  will  declaro  iUelf  hot — the  mind 
will  accept  the  Eubjective  intimation  exactly  as  if  it  were 
objective.  The  retina  may  be  excited  by  purely  mo 
ebanical  means.  A  blow  on  the  eye  caiiite«  a  luminous 
flash,  and  the  mere  preMure  of  the  finger  on  the  external 
ball  produces  a  star  of  light,  which  Newton  compared  to 
iho  circles  on  a  peaeoclc's  tail.  Diseftiw  makes  people 
see  Tisioas  mad  drcsm  drcuius;  but,  in  all  sucli  eases, 
could  we  examine  the  organs  implicated,  we  should,  on 
philosophical  grounds,  expect  to  find  them  in  that  pre- 
cise molecuiar  condition  which  the  real  objects,  if  present, 
would  supt-rinducB. 

The  relation  of  physics  to  consDiousnees  being  tJius 
invsnable,  it  follows  that,  given  the  state  of  the  brain, 
the  eorresponding  thought  or  fci^ling  might  be  inferred; 
or,  given  the  tJiougbt  or  feeling,  tlte  corresponding  state 
of  the  brain  might  be  inferred.  But  how  inferred  ?  It 
would  be  at  bottom  not  a  case  of  logical  inference  at  all, 
but  of  empirical  saeociation.     You  ma;  reply,  that  many 
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nf  the  inferences  of  scieooe  are  of  this  character— the  ii>- 
ference,  for  example,  that  an  clcclric  current,  of  a  giron 
direction,  will  deflect  a  niagnetlo  needle  in  ii  definite  way. 
But  tlio  CAMS  diiTer  in  this,  that  the  pa»age  from  tli« 
current  to  the  neMlle,  if  not  demonstrable,  is  tJiinkaMft. 
and  that  wo  entertain  no  doubt  as  to  the  final  mechanicsl 
(nlutiun  of  the  prohli-m.  But  thi*  paxtagv  from  tbepbjiki 
of  the  brain  to  the  corresponding  facta  of  oooetouvDMS  is 
unthinkable.  Granted  that  a  deBnite  thought,  and  a  defi- 
nite molecular  action  in  the  brain,  occor  BmultAQeooslir; 
VK  do  not  pOMOM  the  int«llcctua]  origan,  nor  apparmOf 
nnj  rudiment  of  the  organ,  which  would  eunlile  lu  to  pVK, 
by  a  proci3as  of  reasoning,  from  the  one  to  the  othw. 
They  appear  together,  hut  wo  do  not  know  why.  Were 
our  minds  and  senses  so  expudad,  strengthened,  and 
illumioated,  a»  to  enable  lu  to  soo  and  feel  the  very 
cules  of  the  brain ;  were  wc  capable  of  following  all 
motions,  all  tbeir  grouping  all  their  eloctric  di 
if  such  there  be ;  and  were  we  inttmataty  Roc|uaint4d  wit. 
tho  corresponding  states  of  thought  and  feeling,  we  th 
be  as  br  a*  ever  from  the  •olutioo  of  the  problem,  *  Hw 
are  these  physical  procesaea  connected  with  tho  fuit  of 
consciousness  ? '  The  chafm  between  the  two  claiaes  vt 
phenomena  would  stiil  remain  intellectually  impanahle. 
Let  tlie  con-toiuiuincas  of  love.  Tor  example,  be  uwcJai 
with  a  right-handed  spiral  motion  of  the  molvcniea  of 
brain,  and  the  coiMctoiiiDees  of  hate  with  a  left-handed' 
spiral  motion.  Wo  should  tJien  know,  when  we  Iotc,  that 
the  motion  is  in  one  direction,  and,  wlicn  wo  hate,  thtf  the 
motion  is  in  tbe  other ;  but  the  *  wnr  ? '  would  rvmaia 
ummsw^raUe  as  before. 

In  affirming  that  the  growth  of  the  body  i*  mcc 
and  that  thought,  as  ezcrcJsad  by  us,  has  its  oomiatin' 
in  tJie  physics  of  the  brmin,  I  think  the  poffition  of  tte 
*  Materialist  *  is  stated,  a*  far  ■*  that  posllion  is  a  teaaUs 
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one.  t  think  the  materialist  will  be  sUe  finally  to  taais- 
tain  this  poalion  Bgiiinst  all  attacks ;  but  I  do  not  think, 
JD  tha  pnwnt  condition  of  tho  biimiiD  mind,  Unit  he  con 
pais  beyond  this  poation.  I  do  not  Ihiuk  lie  iii  entitled 
lo  Bay  that  bis  molecular  groupings,  and  motions,  explain 
ererythiog.  In  reality  they  explain  nothing.  Tho 
ntmoct  he  can  nfGnn  is  tbv  asaociation  of  two  cUmn  of 
phenomena,  of  whose  real  boml  of  union  he  is  in  alMtolute 
ignorance.  ITw  problem  of  the  connection  of  body  and 
soul  is  aa  insoluble,  in  its  modem  form,  aa  it  was  in  the 
pro-Kicntiftc  agnk  Pboxphonis  i*  known  to  enter  luto 
the  eomputition  of  the  human  brain,  and  a  treDcbanl 
German  writer  has  exclaimed,  'Uline  Phosphor,  keio 
Gedanko  1  *  That  may  or  may  not  bo  the  case ;  but  even 
if  wo  knew  it  to  bo  the  cane,  tho  knowledge  would  not 
ligfiten  our  daibnA's.  On  both  nde«  of  the  zono  here 
antgned  to  the  matfirialiirt.  lie  U  c<i»»11y  bclplcn.  If  you 
uk  biid  wbeflcii  is  this  *  Matter '  of  which  we  have  been 
diMOUTBing — who  or  what  divided  it  into  moteeules,  who 
or  what  impressed  upon  them  this  neocssity  of  running 
into  organic  fonnn — ]>e  has  no  amwor.  Science  U  mutv 
in  reply  to  theae  (jnentiODs.  But  if  the  materialist  U  oon- 
foimded  and  science  lenderod  dumb,  who  else  is  prepared 
with  a  solution?  To  whom  has  this  arm  of  the  Ix>rd 
been  revealed  ?  Ijct  us  lower  our  head*,  nod  acknowlodgo 
mtr  ignotanoe,  priest  and  philo»opher,  one  and  all. 

Perhaps  the  mysteiy  may  reeolve  iUtclf  into  knowledge 
at  some  future  day.  The  piooees  of  things  upon  this  cwth 
has  been  one  of  amelioration.  It  is  a  long  way  from  the 
Iguanodon  and  his  eoiit^^mporariu*,  to  the  President  and 
Members  of  the  British  Aaaociation.  And  whether  we 
regard  the  improvement  from  tho  scientiGo  or  from  tho 
theolc^cal  point  of  view — as  the  rvstdt  of  progreacire 
dftTdopment,  or  of  suoce«nv«  exhibitions  of  creatire 
energy— neither  view  entitle*  xa  to  SBSume  that  man's 
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pTMeot  faculties  end  the  Berics,  that  tbe  proeca 
wneliontion  ends  with  him.  A  time  may  therefore  cotne 
whi-n  tbit  uUnt-ttoientifie  rc^on,  by  which  vre  are  am 
enfolded,  may  offer  it«elf  to  tOTrcEtrial,  if  cot  to  bitmu, 
investi^tioD.  Two-thirds  of  ibe  layn  emitted  by  tlic, 
sun  fail  to  arouso  tbc  mom  of  riidoB.  The  nya 
but  tbe  vitual  organ  reqiusite  for  their  translation 
hgbt  does  not  exist.  And  so  from  this  re^on  of  daik- 
ncss  and  mystery  which  surroonda  tu,  mys  may  now  h* 
darting;,  vbieb  require  but  the  development  of  tbe  proper 
intdlectual  organs  to  translate  them  into  IcDowledjte 
OS  far  surpiassitig  ouis,  as  oun  surpasses  that  of  tJie  wallow- 
iag  rvpttlcs  which  once  held  possession  of  this  planet. 
Meanwhile  the  mysteiyia  not  without  its  uses.  Jt  certainly 
may  be  made  a  power  in  the  human  soul ;  but  it  k  a 
power  which  baa  feeUng,  not  knowledge,  for  its  base.  It 
may  be,  will  be,  and  I  hope  is  turned  to  aocoont,  boOt  is 
steadying  and  atrengtheaiDg  the  intellect,  and  in  rcwuiof; 
mas  from  tluit  littleness  to  which,  in  Ibo  stn^ji^e  for 
existeDoc,  or  for  preoedenoe  in  tlie  world, b«  is  continually 
prone. 
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The  reader  who  honours  the  *  Bclikst  Address  *  with 
his  attention,  may  fitly  supplement  ita  perusal  by  thatrf 
the  foregoing  Fragment.     1879. 
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*  iMuOf,  lifriMl  AtMrf^f (»■,  nam  (ion  amj/tUmg  taiJe',  Mpt  fo  liari 
M  lit  sOatl  mIm  m<  rifil  im  ^  lit  !m.agiuaaat—«/  thai  iteiulnau 
/•Mfty,  wMtt,  Uft  U  ramiU  tmnuOvllmt,  liudt  m  ailrag  into  a  mMtrma* 
rfpir^miiti  and  imrt,  s  lanit  </  mMt  tmd  tiadcwt ;  but  wUA,  prtftr^ 
MoifniU  iy  trptrimtt  ani  rqiM'Mi,  itcomtt  lit  neUtit  «nn(W«  ^  turn  .- 
lit  »gigCT  gf  fwfij  jfnw'w,  fA(  MwfnBNmf  0/ Jteonry  te  AlmM^  in'Usvt  Ui 
«i<  ^  tEMct  Snelam  uemld  imhp  law  iHVmiti  jltthon*,  HOf  2>ilj'  jkm  ib- 
wofiinurf  lit  nrtit  tmd  alktlia,  mer  mould  Cfluvdtm  iaiv  /wwrf  aaMJ«r 
CoiUiiunt:—Xi.imm  to  tl*  flo^  SotdMy  hj  iU  Praridcnt  Sir  Ilsiy'amin 
Broditb  MoTtmbat  >0, 1SS9. 

ICABBIED  with  me  to  the  Alps  this  year  tha  licav^ 
burden  of  tJiis  eroning's  work.  In  the  way  of  new 
inv««tigation  I  liwl  nothing  Goinpl«t«  enougli  to  bo  broug>it 
bnfore  you ;  bo  all  that  remained  to  me  was  to  fall  back 
apcm  BUob  i««idiiea  as  could  be  found  ui  the  depths  of  con- 
aciousoaM,  and  out  of  thom  to  Kpin  tliu  fibre,  and  weave  tbo 
web,  of  tbJB  disoouree.  Save  from  memory  I  had  no  direct 
aid  upoD  the  motrntoinfl;  but  to  spur  up  the  emotions, 
on  which  so  much  dtipcod*,  m  well  as  to  nourish  indirectly 
tbe  intellect  and  will,  I  took  with  me  four  works,  comprisieg 
two  volumea  of  poetry,  Qocthe's  '  Farbcnlehre,'  and  the 
work  on  *  Logic '  recently  publidicd  by  Mr.  Alexander 
Bain. 

The  spur,  however,  was  do  match  for  the  integu- 
ment <A  dulnew  it  bad  to  pit^roe.  In  Qocthe,  bo 
Doble  otborwiso,  I  diicfly  notiocd  tbo  Mlf-inQielod  hiiita 
of  genius,  Bd  it  broke  in  vain  against  the  philosophy  of 
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Nowton.  For  &  time,  Mr.  Bain  became  mv  prim 
compaaioD.  I  found  him  Icftmud  and  practical,  bhi 
genenll;  with  ■  dr;  tight,  btit  exhibiting  at  times  a  fiuib 
of  emotional  atrengtb,  which  proved  that  even  log;ieiant 
fltare  tlie  common  fire  of  hmnanitj-.  ilo  interested  rae 
most  when  ho  became  tbc  mirror  of  my  own  condttiim. 
Neither  intvllcctiially  tier  aocialty  Is  it  good  for  man  to 
ha  alone,  and  the  griefs  of  tboaght  are  more  patient!; 
home  when  we  Gud  that  the^  bare  been  experioooad  hf 
another.  From  cortain  paiiaagea  in  hij  bode  I  eonlil  infii 
that  Mr.  Bain  was  no  stranger  to  mdt  lorrows. 
tfaia  as  an  illustration.  Speaking  of  the  ebb  of  intel 
tual  force,  which  wc  all  fi>}m  time  to  time  expcrieai 
Mr.  Bain  tays :  '  Tlio  uncertainly  wIktc  to  look  for  t 
next  opening  of  diicoveiy  brings  the  pain  of  oonflii 
and  the  dcbilit;  of  indecision.'  Those  words  have 
them  the  txue  ring  of  perMsal  experience.  The  action 
the  investigator  is  periodic.  Ho  grapples  witb  a  aobjeot 
of  enquiry,  wnsllcs  with  it,  overeomcs  it,  cxhauit«,  it  may 
he,  both  him»elf  and  it  for  the  time  ttaing.  He  bnatl 
a  Hpaoe,  and  then  renews  the  stmggle  in  another  6 
Now  this  period  of  halting  between  two  inreatigations 
not  alwaj-s  oun  of  pore  repo»e.  il  in  often  a  period 
doubt  and  discomfort— of  gloom  and  ennuL  *  The  un- 
ocrtninty  where  to  look  for  tbc  next  opening  of  diwoTaiy 
bring*  the  pain  of  conflict  and  the  debility  of  indecmoc' 
Such  was  my  precise  condition  in  the  Alps  tliU  year;  aad 
it  was  under  these  eril  circumstances  that  I  bad  to  tq 
myself  for  the  hour  and  the  ordeal  that  aro  now  c<tme. 

Oludly,  however,  as  I  should  bare  Men  this  doty  ia 
other  hands,  it  was  not  to  be  evaded.  In  mme  &aUM 
or  otltcr — on  the  higher  levels  of  thought,  or  on  the  BUi 
of  eommon-placc— the  task  hud  to  be  accomplished.  Ms 
ease  fir  a  time  resemtih-d  thai  of  a  sick  doctor  who 
(brgottoQ  bii  art,  and  who  sorely  needed  the  preecii| 
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oS  a  firiend.  Mr.  Baia  wrote  one  for  m«.  '  Voiir  pmftnt 
koowledge,*  he  said, '  must  forge  the  links  of  connection 
between  wliat  has  bean  alrcad;  achieved  and  what  is  now 
requiraL''  In  these  wordi  he  aduonisliod  mc  to  review 
Uie  past,  and  recover  from  it  the  broken  ends  of  former 
inrwtigations.  1  trinl  to  do  t!o.  Previous  to  going  to 
8witM:rhuid  I  lutd  hi^tn  thinking  mticit  of  light  and  best, 
of  organic  germfl,  atoms,  oomeU,  and  skic^  With  one  or 
another  of  these  1  now  sought  to  re-form  an  alliance,  and 
finally  Micceodod  in  cstahlttihing  a  kind  of  cohesion 
hctvccu  Uiought  aitd  Liglit. 

The  di«cipiines  of  common  lifv  arc,  in  great  part, 
cises  in  the  relations  of  spaoc,  or  in  the  mental 
grouping  of  hodiM  in  space  ;  and,  hy  such  exercises,  the 
mind  i»,  to  Mune  extent,  prepared  for  tJio  reception  of 
physical  conceptions.  Assuming  this  prtqiaratJon  on  your 
port,  the  wish  grew  within  mc  to  trace,  and  to  enahlo  you 
to  trace,  some  of  t]m  more  occult  operations  of  tJie  agent 
just  mferred  to.  I  wished,  if  poAsihIe,  to  take  you  beyond 
the  boundary  of  mere  observation,  into  a  ntgion  where 
Ltiings  are  iutelUctually  dtsconiGd,  and  to  show  you  there 
the  hidden  mechanism  of  optical  action. 

But  bow  arc  those  hidden  things  to  be  revealed  ? 
Uow  ara  we  lo  hiy  hold  of  ilio  physical  boais  of  light, 
aince,  like  that  of  life  itself,  it  lies  entirely  without  the 
domain  of  the  senies?  Philosophers  may  be  right  in 
affirming  that  we  cannot  transcend  experience;  but  wo 
can,  at  alt  events,  carry  it  a  long  way  from  [tj  origin. 
Wo  can  also  magnify,  diminisli,  qualify,  and  combine  ex- 
perivDcea,  so  ai  to  render  Ihom  fit  for  piuposoa  entirely 
new.  Urged  to  the  atti^mpt  by  setiaible  phenomena,  wo 
find  ourselves  gifted  with  the  power  of  foimiiig  mental 
images  of  tbe  ultra-eensiblo ;  and  by  this  power,  when 
duly  ehastimed  and  controllm],  we  can  liglitco  U>e  dark* 
■  *liiilaDUciB.'p.42i. 
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neaa  which  Eurrouiula  the   world  of  the  «»•£*.     Tin 
arc  T»riu»  even  iD  acieoce  who  repaid  Imagimtioo  as 
faculty  to  be  feared  and  avoided  rather  than  emptojred. 
They  have  obeencd  it«  action  In  mak  Tcaadx,  sod  an 
unduly  impressed  by  it*  di8ast«re.     But  tfaey  might  Kith 
equal  juttice  poiut  to  exploded  boiltn  as  an  argumoit 
against  the   use  of   steam.      Nourished   by   knowledge 
patieotly  vod  ;  bounded  and  conditioned  by  co-o[i 
Reaiioni  iniaginatlon  beoomea  the  piime  inVTer 
physical  discoverer.     Ncvtou's  passage  from   a 
apple  to  a  &Uing  moon  was,  at  Uie  outset,  a  leap 
prepved  imagination.     In  FaracUy  the  exercise  of  liis 
£uulty  pieoeded  all  bis  ospcriment«,  and  it«  function  has 
beoo  impressively  set  forth  by  Brodic'     ^^'beQ  WiUini 
Thomson  tries  to  place  the  ultimate  particles  of  matter 
belweoD  his  oompoM  points^  and  to  apply  to  tliL-m  a  ecalo 
of  millimetntSi,  it  is  ao  act  of  the  sctentilic  imagination. 
And  in  much  that  has  bt?ea  recently  said  about  jnetopUm 
and  life  we  have  tlie  outgoings  of  this  fiundty  guided  and 
controlled  by  the  known  analogies  of  soieoee.     In  bet, 
wilhout  (his  power,  our  knowledge  of  nature  would  b* 
a  mere  tabulation  of  co-existences  and  seqnenecs. 
should  fitill  bcrlicvo  in  the  sacceanon  of  day  and  nigfatt  i 
summer  and  winter ;  but  the  soul  of  Force  would  bo  • 
lodged  firom  our  unirerse;  eancal  relations  would  disappear, 
and  with  them  that  science  which  is  now  lundiag 
parts  of  nature  to  an  org&nie  whole. 

I  should  like  to  illuftrato  by  a  few  simple  iD^taaca  ' 
UK  that  sdentilic  men  liavo  already  made  of  this  powvr  < 
imagination,  and  to  indicate  afterwards  some  of  the  fiuthg  „ 
OSes  that  they  are  likely  to  make  of  it.  Let  na  bcgin^^H 
the  rudimentary  experiences.  Observe  the  blUngof  hH^^ 
Toio-drops  into  a  tranquil  pond.     £uh  drop  as  it  strikia 
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the  wafer  bccomor  a  ovotre  of  distiubaucr-,  from  uliicli  a 
wrrirH  of  Hng-ripplcti  expand  outward*.  Gravity  and  innrtia 
are  the  agents  by  whicb  this  nave-motioa  is  produced,  and 
a  roogb  experiment  vill  suffice  to  shov  that  the  rate  of 
propagation  does  not  amount  to  a  foot  a  second.  A  ecrics 
of  flight  mochanical  ^liockn  it  czpcrrencecl  by  abody  phinged 
iu  the  water,  as  the  wavelets  reach  it  in  ^ucoeeaion.  Uut  a 
6ner  motion  is  at  the  »me  timo  eet  up  and  propagated. 
If  tlic  head  and  cars  be  immoreod  in  the  water,  an  in  an 
cs|)crimeDt  of  Prunklin\  the  shock  of  the  drop  is  commu- 
nicated to  the  auditory  n<=!rve^th4>  tick  of  the  drop  ia  beard. 
Jiovi,  this  soDorouB  impulse  ia  propagated,  not  at  the  rate 
of  a  foot,  but  at  the  rate  of  4,700  feci  a  second.  In  this 
case  it  is  not  the  gravity  but  tho  tiastUnty  of  tlie  water 
that  ia  the  urging  force.  Every  liquid  particle  puahed 
ngatnat  it«i  neighbour  delivers  up  its  motioa  with  extreme 
rapidity,  and  the  pulse  is  propagated  as  a  tbriU.  The  in- 
comprcfsibility  of  water,  as  illustrated  by  the  lamoua 
Florentine  experiment,  is  a  mcavure  of  its  elasticity ;  and 
tu  the  pooocnaion  of  this  property,  in  so  high  a  decree,  the 
rapid  iratuniision  of  a  eoand-pulAe  through  water  is  to  be 
SEcribed. 

But  water,  ea  you  know,  is  not  neoaaary  to  the  conduc- 
tion of  sound  ;  air  is  ita  most  common  ye]ucle.  And  you 
know  that  when  the  air  possesses  the  particular  density 
and  ehutidty  eorresponding  to  the  temperature  of  freeoing 
water,  tlie  velocity  of  »Mind  in  it  i«  1,090  feota  teeond. 
It  ia  almost  ejuctly  one-fourth  of  the  velocity  in  water; 
tlie  reason  being  that  though  the  greater  weight  of  the 
water  tends  to  diminish  the  velocity,  the  enormous  mole- 
eular  dastioity  of  the  liquid  &r  more  than  atones  for  the 
disadvantage  dne  to  weight.  By  rartous  contrivances  we  ran 
Compel  tlvo  vibrations  of  the  air  to  declare  themselves ;  we 
kitowthe  length  and  frequency  of  tlie  sonoroud  waves,  and  we 
have  also  obtained  ^eat  mastery  over  the  v&nou«  TaciOciQ&a 
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by  which  the  air  is  Utrairu  into  vibniion.  W«  know  th^ 
phcuonocDn  and  lawx  of  vibratiog  rud*.  of  of^ui-pipra, 
string  mcuibranec,  plates,  and  bells.  We  coa  sboUtb 
one  sound  by  another.  We  know  Ui«  ptTsical  mi-aning 
tntuic  and  noise,  of  barmonj  and  discord.  In  short, 
rcganU  sound  in  general,  we  have  a  ver}-  drar  D'jtion 
the  external  phnical  procMses  which  correvpoad  (o  uor 
Eensatioos. 

In  th«  phenomena  of  sound,  w«  travel  a  vei;  little  mj 

<  from  downright  8CD«ib1v  experience  Still  the  imaginattos 
is  to  some  extent  exercised.  The  bodily  eye,  for  exampki, 
cannot  tee  the  condensations  and  nuefactions  of  the  wkvm 
of  sound.  W'c  construct  thorn  in  ttiought,  and  we  l«lim 
lui  firmly  id  their  exiateuec  as  in  that  of  th«  air  itadH 
But  now  our  experience  is  to  he  carried  into  a  xnew  rcgloa, 
whore  a  new  luie  is  to  be  made  of  it.  Having  mact^ 
the  eau8o  and  mechanism  of  eound,  we  desire  to  know 
cauK  tad  mwlionitm  of  light.     We  wish  to  extend 

-  enquirie*  from  tlio  auditory  to  tbo  optic  nenre.  There  it 
in  the  human  intellect  a  power  of  expanrioo — I  might 
almost  call  it  a  power  of  creation — which  is  brought  into 
play  by  tbe  Himpte  brooding  upon  facts.  Tbe  legmd  4f 
the  Spirit  brooding  ovrr  cliuoa  may  Lave  originated  in  a 
knowledge  of  this  power.  In  the  cuk  now  before  lu  it 
has  manifested  itself  by  tmnnplanting  fnto  Kpnce,  fur 
jHirposes  of  light,  an  adequately  mixliSod  fnrta  of 

^  mecbantEm  of  sound.     We  know  intimately  wbcfeo* 
Telocity  of  sound  depends.     ^SHion  we  Icraen  tbe 
»f  a  medium,  and  [ire»er«'e  its  elasticity  constant,  we 
uient  the  veKicitT.     ^^'ben  we  heighten  the  elasticity, 
keep  the  density  oonttant,  we  also  augment  the  vd 
A  small  density,  therefore,  aiwl  a  great  ela^lcity,  are  t1 
two  tlting«  neK:>-«»iiry  to  nipid  propagation.     Nov  light 
known  tn  move  witli  ttw  artoundiog  Telocity  of  1 
mitea  a  second.     How  is  such  a  velodty  to  be  nl4miB(4 
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By  bolJIy  difTusitig  iu  apace  a  medium  of  tlw  requisite 
lenuit}-  anil  elasticity. 

Let  us  make  Eiicb  a  medium  our  BtArtiBg-point,  and, 
eodowiug  it  with  one  or  two  othvr  oocecKary  qualities, 
let  us  handle  it  iu  accordauce  with  strict  mL-<!tiaiiicaJ  law*. 
I^t  wi  then  carry  our  results  from  the  world  of  thoorj 
into  the  world  of  ernee,  and  fee  whether  our  dedocUons 
do  not  issue  in  the  rcrj  plirnoineiui  of  light  which  ordi- 
nary kiK)wledge  and  skilled  eipcritncot  reveal.  If  in  all 
the  multiplied  varictiea  of  tltcde  phenomena,  including 
tboM  of  the  roo«t  remote  and  entangled  description,  this 
(undsmcDtal  conceptiou  always  brlDga  us  fn«e  to  (nca  with 
the  truth ;  if  no  contradiction  to  our  deductions  from  it 
be  found  in  extorual  nature,  but  on  idl  eidcA  ngrecmvnt 
aod  verification ;  if,  moreover,  as  in  the  oaK  of  Cooical 
He&action  and  in  other  cafee,  it  actually  forces  upon  our 
attention  phenomena  which  no  eye  had  previously  levR, 
and  which  no  mind  had  previously  imagined — such  a  con- 
ceptioo  must,  ve  think,  bo  •omething  more  than  a  meie 
figment  of  the  scientifio  fancy.  In  forming  it,  that  com* 
poeite  and  creative  power,  in  which  reason  and  imaf^ioa- 
tion  are  unit«d,  hiu,  wo  bcliaTO,  led  ua  into  a  world  not 
looa  real  tlian  tliat  of  tJie  tetum,  and  of  which  the  world 
of  tense  it^lf  is  the  suggestion  and  justification. 

l-'ar  be  it  from  me,  however,  to  wish  to  fix  you  immov- 
ably in  this  or  in  any  other  thoonitic  conception.  With 
all  our  belief  of  it.,  it  will  he  w«ll  to  keep  the  theory  of 
B  luminiferouf  aether  plastic  and  capalile  uf  change.  You 
may,  moreover,  urge  that,  although  the  phenomena  occur 
OS  i/  tbo  medium  cxiHod,  the  absolute  demonstration  of 
its  eaistenov  is  still  wanting.  Far  Im  it  from  me  to  deny 
to  this  reasoning  such  validly  as  it  may  &irly  claim. 
Let  OS  endeavour  by  means  of  analogy  to  form  a  fair 
estimate  of  its  force.  You  believe  tliat  in  Society  you  are 
■uiTOunded  by  rrasonable  beings  like  yourself.     You  arc. 


I» 


FBAOURNIS  OP  3CIKKCE. 


pcrfaapt,  tt»  Rnnlr  oonvEneed  of  thia  as  of  uijUuiig. 
is  your  warnat  for  this  ooovictioo  ?  Simply  Aod 
this :  your  fetlow-creatures  bobuTo  as  if  they  were  nuoa- 
abje ;  tbc  bypothcuK,  (or  it  is  Dotltiog  more,  accoonto  in 
the  fhcU.  To  tak«  ui  emiQent  example  i  you  boliewo  Uat 
our  Prendent  is  a  reaaonable  bein^.  Why  7  There  b  no 
known  method  of  mporpoation  by  which  any  ooe  of  m 
G«a  apply  himiwlf  iotelleeUiaUy  to  iinother,  eo  as  to  d^ 
monitrate  cotnddenoo  ai  tv^ards  tbe  poawation  of  reaaon. 
If,  Uierefore,  you  bold  our  President  to  be  rawonabte, 
is  because  be  bchavce  a»  4/  he  weie  nasonaUe.  As 
the  case  of  tlic  nctfacr,  bvyond  tho'tu  ^'yoa  cannot 
Nay,  I  should  net  wonder  If  a  close  oompaiuoo  of 
data  on  which  both  inferaneee  rest,  caused  many 
able  persaus  to  conclude  that  the  aether  had  tlie 
ofiU 

This  universal  medium,  this  light-aether  as  it  U  calM. 
IN  a  vehicle,  not  an  origin,  of  wsvo^iotlon.  It  neejm 
and  transmits,  but  it  does  not  create.  Wlumce  doe*  ii 
derive  the  motions  it  cosTeys?  For  the  most  jtart  frnm 
luminous  bodies.  By  this  motion  of  a  lumioeus  body  I 
do  not  mean  its  sensible  motion,  sucb  aa  the  fiidter  of  a 
candle,  or  the  shooting  out  of  ted  promineneea  from  th« 
limb  of  the  sun.  I  mean  an  intestine  motion  at  IW 
atoms  or  molecules  of  the  lominoos  body.  But  ben  > 
certain  reserve  is  neeesKtry.  Many  chemists  of  tk« 
present  day  refuse  to  speak  of  atoms  and  loolMaha  k 
nal  things.  Tb^ir  caution  leads  them  to  stop  short  U 
the  clear,  sliarp,  ineeltaDically  inlr-Uigible  atomio  theocr 
enunciated  by  Ualton,  or  any  form  ut'  that  thMny,  and  U 
make  the  doctrine  of  'multiple  proportions'  their] 
lectual  bourne.  I  respect  the  caution,  though  I 
is  bore  mispUeed.  The  cburohiU  trlio  reeoil  bxua 
notions  of  atoms  and  molecules  aeeept,  without  hesitatjn 
the  Undiilatory  Themj  of  Light,     Like  you  mod  nw  Ihtf 
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tiae  and  all  believe  in  aa  aether  and  itti  ligfat-produfting; 
mvea  Lot  us  consider  what  this  belief  involves.  Bring 
your  iiDngiiiationa  once  more  into  play,  and  figuro  n  series 
of  wxiud-WHVftt  pusing  throtigh  air.  Follow  tbcm  up  to 
their  origin,  and  what  do  you  Uicro  find  ?  A  dcfinttft, 
tan^nUe,  Tibratinj;  body.  It  may  be  the  vocad  diord*  of 
u  human  bcin^,  it  may  bo  an  organ-pipe,  or  it  may  be  a 
strctclMxl  siring.  Follow  in  the  same  manner  a  Uain  of 
aetber-wavea  to  UieJr  soarae ;  rcmeroWring  at  the  mme 
time  Uiat  your  aether  ia  matter,  dense,  elaxtic,  and  capable 
of  motions  subj«^  to,  and  determined  by,  mechanical 
law*.  What  UiuD  do  you  expect  to  find  as  the  source  of  a 
■eriee  of  aet1>er-waves  ?  A.-<lc  your  iiniigination  if  it  will 
accept  a  vibrating  multiple  propoitioo — a  numerical  ratio 
in  n  etato  of  oscillation?  I  do  not  think  it  will.  Yon 
Cimnol  crown  (lie  cdificKwUJi  UtiHnlMttractioD.  The  Koivn- 
tific  imagination,  which  is  hare  authoritative,  demandii,  aa 
the  ori|;pn  and  causa  of  a  eeries  of  aether-wavra,  a  particle 
of  vibrating  matter  quite  as  dofiuito,  though  it  may  be 
cic«ft>ircly  minule.aa  tJiat  wtiich  givm  origin  to  a  inu»cal 
sound.  Such  a  particle  we  name  an  atom  or  a  molecule. 
I  think  the  intellect,  when  fooosaed  bo  as  to  give  definition 
without  ponumbral  haze,  is  sure  to  realise  this  imago  at 
tlie  ln«t. 

Willi  the  view  of  preferring  thought  continuous 
thfougliout  this  discoune,  and  of  preventing  either  failure 
of  knowledge,  or  <^  memorr,  lixMn  causing  any  rent  in  our 
picturo,  I  h«re  propoM  to  run  rapidly  over  a  bit  of  ground 
which  is  prolwbly  fami  Uor  to  most  of  you,  but  which  I  am 
anxious  to  make  familiar  to  you  all.  The  waves  generated 
in  Hie  aether  by  the  swinging  atoms  of  luminous  bodica 
arc  uf  ditTcrcDt  IcngtliK  and  ainplitudv!'.  The  amplitude 
is  Uic  width  of  swing  of  the  individual  particles  of  the 
waves.  In  water-wavea  it  is  the  height  of  the  CT«et  abova 
tbfl  tiamtl^  while  the  length  of  the  wave  ia  the  diiUacc 
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between  two  constwutive  creels.  The  segrefiat*  of 
emittvl  b;  the  huii  mn;  be  broadly  diviili-d  intd 
claMCfl :  the  on«  dus  ooiiip«t«nt,  the  othftr  incompetml, 
to  eicite  viiiion.  But  tho  lighuprodudng  ware*  dilfer 
markedly  lunon^  themselves  io  size,  form,  and  fbrae. 
The  length  of  thn  largest  of  theae  iravea  ia  about  tvk« 
tliitt  (i{  the  flmalkst,  but  the  amplitude  of  the  lai^crt  u 
probably  a  bvmdred  timea  that  of  the  smallest.  Kow  tha 
force  or  energy  of  tlto  wkt«,  which,  cxpreasod  with 
enoe  to  seoKulion,  intHUis  the  iikti^niiEty  <>f  the  tigbt, 
proportionnl  to  the  tiqiiare  of  the  amplitude.  Henee 
amplitude  being  one-hundrodfald,  the  enericy  of  thi 
larf^st  li;;fal-^vtti»  waves  would  be  ten-thousaDdfoId  tbtf 
of  the  stDallcst.  This  is  not  imprubahlr-.  I  nm  Ukk 
figure*  not  with  u  view  to  numerical  accuracy,  but  to  giw 
you  definite  Ideas  uf  Iht:  difTereiiees  thai  probably  exiit 
among  the  light-giving  waves.  And  If  we  take  tb«  wbnlr 
range  of  solar  radiation  Into  necount — ita  noo-Tinal  u 
well  as  its  viEUal  waves — I  think  it  probable  that  the 
force,  or  energy,  of  the  largest  wave  is  a  millian  tiaa 
that  of  the  areaUest. 

Turned  into  their  equivalenta  of  Bensati.Mi,  the  Af- 
ferent light-waves  produce  different  colours.  Red,  fo 
example,  is  produced  by  the  largest  waves,  violet  fat  tW 
tmollctft,  white  green  is  producetl  by  a  ware  of  into- 
nwdiat«  length  and  amplitude.  On  mtrring  froiB  lat 
into  a  more  highly  refraoting  sul>itaDc«,  such  a*  gla«  t 
water,  or  the  nilphide  of  carbon,  all  the  waves  are  it> 
tardcd,  but  the  nattllert  ones  most,  llii*  fnniuhis  * 
means  of  separating  the  ditTfrratt  ehuNcs  of  wars  &fa 
each  other;  in  other  words,  of  analysing  the  liglit. 
through  a  refructing  pri<rm,  the  waves  of  thi*  xia 
1urD<-d  a*tile  in  difTcTcnt  drifrem  from  their  dii««t 
the  red  l«tst,  the  violet  mott.  They  arc  virtually 
anmdtf,  and  they  paint  upon  a  white  •crc«o  plaoed 
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rpccive  them  'the  solar  spectmm.*  Strictly  speaking,  the 
ipcrtnim  embraces  an  infiuity  of  colours ;  but  tlio  limits  of 
language,  kdi]  of  our  powo-rx  of  diidinctiQii,  cause  it  to  b« 
divided  into  <»eveD  segments :  rod,  orange,  yellow,  grnOD) 
blu<-,  indigo,  violet.  Thcsc  are  the  seven  primary  or  prism- 
atic colour*. 

ScjoraU-ly,  or  mixed  in  varioiu  pmportionx,  tho  solar 
waves  yield  all  tbe  colours  observed  in  nature  and  vtn- 
plojed  in  art.  Collectively,  thoy  give  us  the  impression 
or<rbit«iio»>.  Pure  unsifted  Kobir  light  is  white;  and,  if 
all  tho  wa» (»H»ii»t JUtciiL*  of  itiich  light  Ix;  n^biofd  in  th« 
■une  proportion,  the  light,  though  diminished  in  intensity, 
will  still  bo  «hit«.  The  whiteness  of  Alpine  snow  with 
the  sun  shining  upon  it,  is  burcly  tolernblo  to  tho  cy«. 
Tbe  same  soow  under  an  overcast  firmanM^nt  i*  Ktill  whit«. 
Soch  a  firmament  enfeebles  tlte  light  by  reflt.-cting  it  ujv 
wards;  and  when  we  stand  above  a  cloud-tifKI —on  nit 
Alpine  summit,  for  instance,  or  on  tl>e  tc^  of  8nowdon — 
and  so«s  in  tlie  proper  direction,  the  sun  shining  on  tbo 
cloud*  bolow  u*,  they  appear  tliuzlitigly  whili?.  Ordinary 
cloods,  in  fact,  divide  tbe  solar  light  impinging  on  them 
into  two  parts — a  rcSected  part  and  a  trtiniimitted  part,  in 
csioh  of  which  the  proportiuuH  of  wave-motion  which  pro- 
dace  tbe  impression  of  whitcsess  are  feasibly  preserved. 

It  will  be  undeistood  that  tho  condition  of  wbitenewi 
would  fail  if  nil  tbe  waves  wen;  diminished  equally,  or  by 
the  mme  absolute  quantity.  They  mntit  be  reduced  pn>~ 
portionaUtt/,  instead  at  equally.  If  by  the  act  of  refloo- 
lion  the  wave^  of  red  light  aie  split  into  exact  halves, 
titan,  to  prMorvc  the  light  white,  tbe  waves  of  yellow, 
omnge,  grccii,  and  hlui-  muM  al>o  be  i]>1it  into  exact  halves. 
la  short,  tbe  reduction  iituHt  take  place,  not  by  absolutely 
equal  quantities,  biit  by  equal  fractional  parts.  In 
white  li^ht  the  preponderance^  as  regards  eneij:^,  of  the 
larger  over  tbe  Finidlor  wmvn  must  aimys  bo  immnue. 
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Were  Um  cam  otliGrwut^  tbo  viwiaJ  convlative,  bttu, 
tbe  mnnllcr  mvw  would  liave  tJ)e   upper  Itftud  to  our 
n-iiMtions. 

Mot  only  Hfo  tho  wai-ca  oF  aetlwr  reflrctod  by  clai 
bjr  KolidK,  and  liqiiidti,  buL  wbcn  tlmy  pAM  from  light 
to  dente,  or  from  dense  air  to  light,  a  portion  of  tlwi  vrvn- 
motion  is  always  reflected.  Now  our  atmospbere  changci 
CODliniiallT  in  doasity  from  top  to  bottom.  It  will  luilp 
our  oonocptioDs  if  we  rvgard  it  M  tnadc  up  of  a  >nriM  of 
tl)in  ooQcentric  layer*,  or  sbelU  of  air,  each  stit^ll  )>eiiig  of 
the  same  d«[isity  throughont,  a  small  and  sudden  cbaimc 
of  density  occurring  in  parsing  from  shell  to  shdL  Ligl 
wotild  be  reflected  at  the  limiting  »urfiices  of  all 
abdls,  and  their  aoUou  would  ba  practically  the 
that  of  the  r«il  atmoapbere.  And  now  I  would  ask  y 
iiDBginatioa  to  pid.ure  tbi«  act  of  nrfiectioo.  What  m' 
become  of  the  rcfl«ct«d  light?  The  atmoGplieric  la; 
turn  their  convex  surfiuea  toward))  tlie  mu ;  they  an  n 
many  convex  mirrors  of  feeble  power ;  and  yoa  will  Im- 
mediately perceive  that  the  ligfat  regularly  reflected  fraoi 
tli«ite  tnirfaoe*  cannot  rvoob  the  earth  at  all,  bnt  ia 
perwd  io  apace.  Light  thus  reflected  cannot  be  the  lighi 
of  tbe  sky. 

But,  though  the  sun's  light  ts  not  reflected  ia  tbu 
fftxhidii  fmin.  Uie  aerial  luyen  to  tho  oarth,  theni  is  Jodo 
bitable  nvidenoc  to  thow  tliat  the  liglit  of  our  fiimamal 
ia  reflected  ligfat.  Proob  of  tbe  most  oog«nt  deKrtptJae 
cootd  be  here  adduced  ;  but  we  Deed  only  consider  that 
we  re«eive  light  at  tlxi  same  time  from  all  pttrta  of 
hemisphere  of  heaven.  The  light  of  the  Amameot ' 
to  us  across  tlic  direction  of  tbe  aolar  raya,  and 
against  tho  direction  of  the  wlar  rays ;  and  tlib 
and  opposing  null  of  waT»-iD»tiaQ  can  only  be  dua 
tbe  rebound  of  the  waves  &om  tbe  air  its«ir,  or 
■omcthiag  suspeoded  in  tbe  air.    It  ia  alw  erldMit 
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vmilct  Ui6  Dction  of  cloxxit,  Uie  tular  light  is  not  reBectad 
hy  tlio  sky  in  tlie  praporUons  which  produce  white.  Tfa« 
■dcy  it  hlu«,  which  indicatei  an  eioesa  of  the  ahorter 
mvesL  In  accounling  for  the  colour  of  the  sky,  tho 
fint  qoeetioo  suff^eeteA  by  aaalogy  vould  nndoubtedly  be, 
la  not  the  &ir  bhic?  The  blttoncffi  of  the  air  Itas,  ia 
fact,  born  given  a«  a  «olution  of  the  bliuvneea  of  the  sky. 
But  bow,  if  the  air  be  blue,  can  the  light  of  sunrise  uid 
sun»et,  which  travels  through  vast  distunecs  of  sir,  be 
yellow,  orange,  or  even  red  ?  The  pasnge  of  while  atAur 
light  through  a  blue  medium  could  by  do  ponnhilily  red- 
den  the  light.  The  hypothesis  of  a  blue  air  is  therefore 
uiitenable.  In  fact  tho  agent,  whatever  it  ix,  which 
sends  os  the  tight  of  the  sky,  oxercises  in  go  doing  a 
dichroitic  action.  The  light  reflected  is  blue,  the  light 
tm)SDiitt«d  is  orange  or  red.  A  marked  distinction  is 
thus  exhibited  between  the  matter  of  the  sky,  and  that 
of  as  ordinary  cloud,  which  exercises  no  suuJi  dichroitic 
action. 

By  tlie  ficientific  use  of  the  inaginatioo  we  may 
penetrate  this  mystery  also.  The  cloud  takes  no  not« 
[of  aize  on  the  part,  of  the  waves  of  aether,  bnt  reflects 
!tbeia  all  alike.  It  exorcises  do  tclMtivc  action.  Now 
the  cause  of  this  may  be  that  lh«  cloud  particles  are  so 
lai:ge,  ID  companion  with  the  waves  of  aether,  as  to 
reflect  them  all  indifferently.  A  broad  cliff  reflects  aD 
Atlantic  roUor  as  easily  as  a  ripple  produeod  by  a  sea- 
[bird's  wing ;  and,  in  the  piescnce  of  large  reflecting  sur- 
ifiioes,  the  existing  differcDccs  of  magDitudc  among  tlic 
Iwaires  of  aotlicr  day  disappear.  But  supposing  the  tv- 
<  fleeting  partioles,  Instead  of  being  very  lai^,  to  be  very 
nnall  in  comparison  with  the  sixa  of  the  wavea.  In  this 
case,  instead  of  the  whole  wave  being  fronted  and  tlirown 
baeli,  a  small  portion  only  is  ahirercd  off.  The  great 
of  tlie  wave  passes  over  stieh  a  particle  without  rc- 
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floctton.  Scatter,  then,  a  basdful  of  such  miauls 
particlet  id  our  atmosphere,  »od  sot  iouiRitiaUoD  to  watcb 
their  acUoii  upon  the  solar  wavoa.  ^^'av(^8  of  all  ur 
impinge  upon  tho  particliut,  and  yoa  mc  at  metj  «illuMi 
a  portion  of  the  impinging  waro  struck  off;  all  tlw  nm 
of  the  fpL-ctrum,  from  the  estremc  red  to  the  exln>me  tIiv 
l«l,  being  Ihiu  act4!d  upon. 

Kemembering  that  the  ted  vaves  atond  to  the  Uoe 
much  in  the  relutioD  of  biUovrg  (o  ripplos  we  have  to  «6D- 
•nder  wlicthcr  tbote  L-xt^Mn1^1y  Hmuli  particlaa  are 
potent  to  »cattvr  all  the  iniTes  in  the  aune  proportjon. 
t)i«y  be  not — and  a  little  reflection  will  mak<--  it  cU*r 
the;  are  not — the  production  of  colour  mu«t  bo  an  incidi 
of  tho  Mattoring.  Laigsnen  is  a  thiD<;  of  relation;  aad 
the  «malliv  the  wave,  the  greater  i*  the  Tcbtive  sizegfaar 
particle  nn  which  tlic  wmv«  linpingM,  and  tlio  gte*t«t  ■!» 
tho  ratio  of  the  eoatlered  portion  of  the  waTe,  to  tht  t^tal 
wavo.  A  pobbW,  [4aced  in  the  way  of  the  nagTJ|i|il« 
produLtMl  bf  Imtvy  rain-drop*  on  a  tranquil  p^md,  vUl 
icatter  a  large  firacUou  of  each  ripple^  wliUc  the  &atiiaiui 
part  of  a  larger  wave  thrown  back  by  the  same  ptbU* 
might  be  infinitesimaL  Novr  we  bare  already  ii»d»  it 
clear  to  our  mindii  that  bo  pneerre  the  solar  light  white,  in 
conHtitiir^Ht  proportion*  mtut  not  be  altered ;  but  ia  i^« 
act  of  division  performed  by  these  very  vnuill  poitidai  thi 
proportions  are  altered ;  an  undue  fraction  of  tlw  amllti 
WUTCS  is  scatterod  hj  Utc  particles,  and,  as  a  coDsa|MaR 
)u  tho  scattered  light,  blue  will  be  the  predotnianl 
colour.  The  other  colouia  of  the  spectrum  most,  U 
some  oxti-tit,  be  a«sociat<>d  with  tho  blue.  Thcj*  aiv  »< 
absent,  but  deficient.  Vi'o  ought,  id  Utt,  to  haw  Han 
all,  but  in  diminiiJiing  |unporlions,  from  the  violet  tv 
(he  red. 

We  have  here  presented  a  case  to  the  hospuatiaa,  04 
iMumIng  the  uodulatory  Ihrar;  ta  bn  a  rcn^j,  ve 
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inV,  fuiT\j  raaxuned  otir  m;  to  the  concludno,  that 
]iarriclc«,   small  in    couparlwni   to  tho  size  of  tJ>6 

at  waves,  sown  in  our  atmosphere,  tite  light  Mattered 
w  those  particlea  wootd  be  exactly  such  as  we  obsen-e  in 
our  axon  bIuo*.  When  thin  light  is  analysed,  all  tho 
eoloun  of  tfao  spRCtnim  are  found,  «d<I  thoj  aie  found  in 
the  pri>[iortion#  indicated  bv  our  concliiviou. 

l^t  ua  now  turn  our  attention  to  tlto  light  wh)i:h 
paaaea  unsoattered  among  the  partidea.  How  muat  it  be 
Boally  affected?  liy  its  suooMdvo  colUsiona  with  tho 
parUclea  t)i6  white  liglit  is  mora  and  moro  robbed  of  ita 
•hortnr  waves;  it  tlH'rcfora  low*  more  and  more  of  iU 
due  proporlioii  of  hlui>.  Th«  r«8iilt  may  be  anticipntod. 
Tho  trBTi''tnitt«d  ligtit,  wh«r(!  tltort  distancea  are  involved, 
win  appear  jnllowiflh.  But  a.i  the  Bun  sinks  towards  tbti 
bnrlKOD  tlie  atmospheric  diatanc^s  increase,  and  coiifie- 
qoently  the  number  of  the  Bcatterinp  partiulea.  They 
abrtract  in  succcosion  tho  violvt,  th«  indigo,  the  blue,  and 
even  disturb  the  proportions  of  green.  The  trun«mitted 
light  uuder  such  uircumiAsaoei  miiMt  pons  fnun  yi^llnw 
through  orange  to  red.  This  aUo  is  exactly  what  we  find 
in  nature.  Tbus,  whilo  the  reflected  light  gives  ns  at 
noon  the  deep  azure  of  the  Alpine  skies,  the  transmitted 
light  give«  US  at  suusKt  t)i«  wana  crimson  of  the  Alpine 
mows.  The  phenomena  certainly  occur  a»  if  oor 
■Unospbere  were  a  medium  rendered  slightly  turhid  by 

nechttDieal  suspvndon  of  ciccvdingly  small   toieigii 

idea. 

Here,  as  before,  we  encounter  our  sc«|)lical  'us  i/,'  II 
me  of  the  parviles  of  science,  ever  at  hand,  and  ready 
plant  itself  and  sprout,  if  it  can,  on  tlio  wvalc  potut*  of 
mtr  philosophy.  But  a  strong  constitution  defies  th4 
panuiU-^  and  in  our  case,  as  we  iiuesLion  the  phenomena, 
probability  grow*  like  growing  health,  until  in  the  one 
tba  malady  of  doubt  is  completely  extir\)%tiMl.    "VXa  ^\tiX 
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qa«fition  tliat  DaturaUy  arises  b  tliU:  C^  •m&U  putidM 
be  really  proved  to  act  in  the  manner  indicated  f 
doubt  of  il  EKcb  one  of  yon  can  (uboilt  the  qoesUoo 
an  cxp^riincnUO  tc*t.  Water  will  not  dix^olvc  reaia, 
spirit  will  disaolve  it;  and  when  spirit  holding  nain  ia 
solution  is  dropped  into  wat^r,  the  rorio  imnudtaidf 
wparat«»  in  folid  periidi^is  nhJch  rcoder  the  wat«r  milliy. 
The  eoaiMMieds  of  thin  piedpitatv  dcp«Dd«  on  the  qomtitj 
of  the  dissolved  resin.  Yuu  can  eauite  it  to  iiepant«  dlber 
in  thick  dots  or  in  exceedingly  line  partiele*.  Prefc^ar 
Bruckfl  has  girm  us  the  proportions  which  pfodme 
particles  particularly  suited  to  our  present  purpoas  Oae 
gramtDC  of  clean  mastic  is  dissolved  in  eigfaty'^eTCa 
gnunmca  of  ahcolubv  alcohol,  and  the  transparent  aolataHi 
U  allowed  lo  drop  into  a  beaker  containing  clear  nUr, 
kept  briHkly  stirred.  Ao  exoevdlogly  fine  proctpitale  it 
thus  formed,  which  deobrea  its  pn-svooe  by  ita  aetisa 
upon  light.  Placing  a  dark  surface  behind  the  beakeri 
and  permitting  the  light  to  (all  into  it  from  tbe  top  or 
front,  the  medium  is  loeo  to  be  distinctly  blue.  It  it  nsl 
perhaps  so  peTfix-t  a  blue  as  may  be  seen  on  exceptional 
(lay*  among  the  Alps,  hut  it  is  a  very  fair  sky-bine.  A 
trace  of  soap  in  water  gives  a  tint  of  blite.  Loadon.  aasl 
I  fear  Liverpool,  milk  makes  an  approximation  to  the 
same  colt>iir,  throngh  the  operation  of  the  same  cane) 
and  Helinhollx  has  irrerermtly  disclosed  the  bet  ttel 
the  deepest  blue  eye  is  simply  a  turbid  medium. 

The  action  of  liu'bid  media  upon  light  wns  31tuttal<l 
by  Ooethe,  who,  Diough  unacjuainted  with  the  nxtdok- 
tory  theory,  was  led  by  his  experiment*  to  tcfjud  lU 
finnamentas  an  illuininated  turbid  medium,  with  tbedact- 
n««s  of  space  boliiud  it.  He  deeoribea  glasaea  •ttmrinB  t 
bright  yt-llow  by  tiausmitted,  and  a  twoutifu]  1 
fleeted,  light.  Profemor  Stokes,  who  was  pmiuii 
firnt  to  discern   (he  real  iiitture  of  the  artiou  of 
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iclcs  on  tbc  waves  of  afither,'  describes  u  glus  of  a 
lar  kind.*  Capital  speoiment  of  sucli  glaM  are  to  be 
at  Salviali's,  in  St.  Jamen's  Street.  What  arliitiM 
'chill'  is  no  doubt  an  effect  of  this  description, 
agb  the  action  of  minute  particles,  t)ie  browna  of  a 
,ro  D(t«n  prcM-nt  the  appearaacv  of  the  Mix^m  of  a 
By  rubbing  tlw  varoish  with  a  fillc  Imndki^rchiof 
optical  continuity  is  establiehcd  and  the  cliiU  dt^tppcara. 
Some  years  b^  1  witnessed  Mr.  Hiret  experimenting  at 
Zermatt  on  the  t«rbid  wat^r  of  the  Visp.  When  kept 
still  for  a  day  or  to,  tlt«  groisMT  mutter  »ink,  but  the 
SaCT  paitidhiii  nunainod  i»i«pen<lfd,  and  gave  a  distinctly 
blue  tinge  to  the  water.  The  blueneas  of  certain  Alpine 
lakes  has  been  diown  to  be  in  part  clue  to  this  cause. 
Proft-Bsor  Boscoe  has  noticed  Htvcral  striking  ca«es  of  a 
similar  kind.  In  ■  viiy  rrmarkubk-  paper  tho  lute 
Prinvipal  Forbva  ithowed  that  steam  issuing  from  the 
nfttty-valvc  of  a  locomotive,  when  favourably  ob«crvod, 
exhibits  at  a  certain  stage  of  iu  condensation  the  coloun 
of  the  sky.  It  is  blue  by  refiected  light,  and  orange  or 
H^  by  transmitted  light.  The  same  effect  as  pointed  out 
^^  Goctlie,  is  to  some  cxt«nt  exhibited  by  peat-smoke. 
&[oTo  than  ten  years  ago  I  amuwd  my»clf  at  Killumcy 
by  obttvrving,  on  a  calm  day,  the  straight  smoke-columns 
rinng  from  Uw  cabin  chimneys.  It  waa  easy  to  project 
the  lower  portion  of  a  column  against  a  dark  pine,  and 
its  upper  portion  againat  a  bright  cloud.  The  Btnoke  in 
the  former  csie  wu  blue,  being  acen  mttinly '  liy  rrilecteKl 

*  Hiii  U  Saftmd  from  oonvcfMitkiD.  I  am  not  >«an  Ibat  Pntrtaor 
9lelcm  hu  jnbtiAMl  auTtbiiiB  up>a  th*  MhjtM. 

■  TU«  itlu*.  hy  t*IWl«d  llttU.  had  a  Mionr '  ttnmglj  manhlipg  tb>t 
ol  a dwoctioa  «(  huiuchwUiut  buk.'  Oniooilj Mough  GoMh* Mt<t» U 
thia  naj  drcixtian :  ■  Xna  tit^ant  iImd  ^Inifcn  friKbrr  Binila  ron  der 
B"«*luitunh.  nUD  aUclu  dtnrllxn  in  UD  Ola*  WstMT.BDd  la  ilarklin*tti« 
JMt  w«diui  iiFir  <lu  voUlMnnenU  Hhnmalblin  acutthta  aihaa.'-^>otth*ra 
UIK.  p.  II. 


1 


FRAOUKSTS  OP  SCIF.KCK. 


light ;  In  lli«  latter  ckm!  it  «u  recMiKh,  bearg  en-n  munti 
liy  Imn.iTDiMci]  light.     Such  smoVe  was  Dot  to  e»rtlf  the 
i-ondition  to  g;{ve  us  the  g\ow  of  the  Alp«,  hut  it  va«  a 
step  ID  tliif  direetion.     Britcko's  fino  precipitate  fthon 
referred  to  looks  vdloirish  by  transmitted  light;  hot, 
diily  St  lengthening  th«  precipitate,  you  may  render 
white   light  of  noon  as  mhy-coloured  aa  the  sub, 
vc«n  through  Liverpool  smoke,  or  upon  Alpine  bofimik 
[  do  not,  however,  point  to  the  fjmt  Kmok«  ulnn);  fron 
eoo]  as  an  illustration   of  the  action  of  noall   partielei, 
because  eucb  smoke  coon  absotbs  and  destroys  the  warts  e( 
blue,  instead  of  sendin;;  them  to  the  eyes  of  the  obatrrrer. 
These  ffiultifariou«  fuctx,  and  numberlees  others  whkli 
cannot  now  be  referred  to,  are  explained  hy  re&renoe  to 
tlie  aingle  principle,  that,  where  the  scattering  psrtielfs 
are  iimall  in  comparison  to  the  «cthet«al  waves,  we  have 
in  the  reflected  light  a  greater  proportion  of  the  snkallec 
wnve$,  and  in  the  tramiinitted  light  a  greater  proportioa 
of  the  larger  wares,  than  exieted  in  the  original  while  ligliL 
The  consequence,  as  regards  sensation,  is  that  in  the  ow 
mtte  blue  is  predomioatit,  and  in  the  other  orange  or  ni- 
Our  best  microaoapea  can  readily  rt^vcJil  ubjocta  not  mot* 
than  rri^Tth  of  an  inch  in  diameter.     This  Is  less  than  tk 
length  of  a  wave  of  red  lighL     Indeed  a  lirrt-rate  iinci»- 
¥Cope  would  enable  us  to  discern  objeota  not  excc«dii^  to 
diameter  t)ie  length  of  the  nnallest  wares  of  tb«  nriU» 
rpeetrum.     Ry  l)ie  microscope,  ttterefore,  we  ma  te«t  nt 
particles.     If  they  be  ns  large  as  the  light-waves  Ibvy  wil 
in^ibly  be  seen;  and  if  they  be  not  so  scon,  it  is  teca^ 
they  are  smaller.     I  placed  in  tlie  hands  of  our  Prest^ko' 
a  liquid  containing  Ilriicke's  precipitate.     The  liquid  k* 
a  milky  blue,  and  Mr.  Huxley  applied  to  ft   his  hieho* 
microscopic  power.     ]{e  satisfied  me,  at  the  time,  thai  W 
particKu  of  even  j-y^^^th  of  an  ineh  in  din—  -   -    -r.r^'^- 
io  the  liqm'd,  they  ooold  not  have  escaped  d<-' 
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vero  Mcn.     Under  tha  micnMcope  the  turbid 
liquid  wa«  not  to  he  <I»tingnuli«l  from  dietillod  water.' 

But  we  bave  it  in  our  power  to  iioh«t«,  &r  more  dfiwly 
tlian  we  have  hitheito  done,  tbe  nittural  oonditioiia  of  thia 
pn>blem.  We  can  geoerate,  in  air,  artificial  skies,  and 
proTd  their  perfect  identity  with  the  natural  one,  at 
i^forde  the  exhibition  of  a  number  of  wholly  unexpected 

Kbeoomesa.  By  a  oonttnuoua  process  of  Kirowth,  moreorer, 
ft  are  nblo  to  GoiiDc«t  sky-matter,  if  I  may  ufc  tho  t«rm, 
Itb  moIucuJar  matUsr  on  tlic  ouc  fide,  and  with  moUr 
matt«r,  or  matter  in  s«n«ibi«  muMii,  on  the  other.  In 
iUudtration  of  this  I  will  take  an  experiment  suggested 
by  some  of  my  own  researehes,  and  described  by  H. 
Morren  of  Mareeilles  at  the  Exeter  meeting  of  the 
Britub  AMOciatJoa.  Sulphur  and  oxygen  comluoe  to 
^tm  Bulpbnrouii  acid  gas,  two  atoms  of  oxygen  and 
^Br  of  sulphur  eonstitutlng  the  molecule  of  fiulphuroas 
acid.  It  baa  been  recently  shown  that  waves  of 
aether  issuing  from  a  strong  source,  such  as  the  sua 
or  the  electric  light,  are  competent  to  shake  asunder 
tho  atoms  of  gUMous  molecules.  A  chemist  would  call 
Uus,  *  deeonpoeition '  by  light ;  but  it  behoves  us,  who  are 
examiuQg  tbe  power  end  ftmoUon  of  the  imaginatioin,  to 
keep  constantly  before  u;i  tlte  physical  images  which 
underlie  onr  terms.  Therefore  I  say,  sharply  and  defi- 
nitely, that  the  components  of  tbe  moleotUea  <d  sul- 
phurous acid  arc  shaken  omnder  by  tho  aethcr-wavcs. 
Enclosing  sulphnrons  acid  in  a  suitable  vessel,  placing  it 
in  a  dark  room,  and  sending  throngb  it «  powerful  beam 
of  light,  we  at  tir«t  bco  nothing ;  the  Tcesel  containing  the 
gas  seems  as  empty  as  a  vocuom.    Soon,  however,  along 

'  UkcDr.llutikiiiSuiderMm'*'{iTi«K(B,'tliopartidt«o(inMtkpiMOd, 
<ritliaDi  tauiUt  hlnlruio*,  Um^  iltcring-pspcr.  Bj  rai6h  Blwrlsf  no 
(Modom  turn  fMpsaiM  fvUcta  Is  mom^  Tb«  ipplkaDon  of  a  om- 
ifcBMil  k«sm  W  (be  Htnttc  rwuliin  lUt  at  enM  erltat.    IVm. 
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Um  tnek  of  the  beam  s  beautiful  sky^blao  ocJonr  is  ob- 
•erred,  which  is  duo  to  light  acattercd  bjr  tbr  ijberaled 
particles  of  sulphur.  For  a  time  the  blue  gravn  aon 
intense  ;  it  then  bet'omes  whiti&b  ;  and  ends  io  a  more  w 
less  perfect  white.  When  the  action  is  continued  bng 
eDoagh,  the  tube  is  filled  with  a  dvnse  cloud  of  sulphur 
particles,  which  by  the  application  of  proper  means  maj 
be  rendered  individuall)*  visible.' 

Here,  then,  ooraether-wnvcs  untie  the  bond  of  chemiod 
affini^i  and  libcruLe  a  body— sulphur— which  at  ordinary 
tcmpcniLures  is  a  solid,  and  which  tharafors  soon  beooous 
an  object  of  the  senses.  We  have  firrt  of  all  the  bve 
atoms  of  sulphur,  which  are  incompetent  to  stir  the  retim 
sensibly  with  scattered  light.  But  these  atoms  gradually 
coalesce  and  form  particles,  which  grow  Ivrgvr  by  oonttnool 
accretion,  until  after  a  minute  or  two  they  appesu-  as  shy- 
matter.  In  this  condition  they  aro  thenuvlvcs  inviriblr; 
hut  they  send  an  amount  of  wave-motioD  to  the 
retina,  sufficient  to  produce  tlie  firmaraental  blue.  The 
particles  continue,'  or  may  be  caused  to  continue,  in 
this  condition  for  a  conaidenible  time,  dming  which  no 
microscope  can  cope  with  them.  But  they  grow  slowly 
larger,  and  pass  by  insensible  gradations  into  the  state 
of  cioKd,  when  tbey  can  no  longer  elude  the  aniwd 
eye.  Thus,  without  solution  of  o«itinuity,  we  start  with 
matter  in  the  molecule,  and  end  with  matter  in  the 
mass;  Gky-matter  being  the  middle  term  of  the  taim  ef 
traniif (J  mta  tions. 

Insleiad  of  sulphurous  aciil,  we  might  choose  a  dosa 
other  substances,  and  produce  the  same  effoct  with  all  of 
them.  In  the  case  of  som»— probably  io  the  cjud  of  tB 
^It  is  possible  to  preserve  matter  in  the  firmamental  no- 

'  M.  Konen  vu  Mrtakra  is  •npforing  ibnt  •  oinilrooi  ol  mUfixeim 
Milisth*  4>;lne  iDbMihwl  aay  iliarv  ta  tlw prodatlkin  of  Iha'i 
dooJ* '  d-Mtrilnl  Lf  wt. 
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dItioD  for  fift«ea  6r  twenty  uinuUa  under  the  continual 
(iperatioD  of  (he  h'ght.  Dnriog  these  fifteen  or  tventf 
tninutea  the  parUcles  constantly  grow  Ui;ger,  without  ever 
exceeding  the  size  requisite  to  the  production  of  the 
eelertial  blue.  Now  whm  two  vessels  arc  placed  before 
tu,  each  containing  sky-matter,  it  ii  poMiblo  to  state 
with  grrat  distinctness  which  vessel  contains  (he  largest 
piir(iclpe.  The  eye  is  very  sensitive  to  diffcrmccs  of 
light,  wlien,  an  in  our  experiment!*,  it  i«  in  compara- 
tive darkne<Bt  and  the  wave-motion  thrown  ngatnst  tlie 
retina  is  amalL  The  larger  particles  dc«laro  themselves 
by  the  greater  whitcne«e  of  tbcir  scattered  light.  Call 
now  to  mind  the  olwcrvafion,  or  effort  at  observation, 
made  by  our  PretidenU  wUim  hv  faih-il  lo  distinguiiih  the 
particles  of  mastic  in  Bruclce's  medium,  and  wbco  you  have 
done  Uits,  please  follow  me.  A  brain  of  light  was  per- 
toitted  to  act  upon  a  certain  vapour.  In  two  minute*  thv 
aaire  appeared,  bat  at  the  end  of  fifteen  minutes  it  had 
not  ceased  tobe  axur&  After  Sft^M-n  minut«-fl,  for  exainpin, 
its  colour,  and  some  other  phenomena,  pronounced  it  to 
be  a  blue  of  distinctly  smaller  particles  than  those  sought 
for  in  vain  by  Mr.  Uuslcry.  TbDse  particles,  as  already 
stated,  roust  have  bum  less  than  T]niW(!^^  ^^  ^^ 
inch  in  diameter.  And  now  I  want  you  to  considi>T 
tlie  following  qiietttion :  Here  are  pnrticlcs  which 
have  been  growing  continually  for  tiftcfn  minutes, 
and  at  the  end  of  that  time  aro  demonstrably  smaller 
than  tboM!  which  defied  the  microscope  of  Mr.  Huxley — 
What  mttat  have  been  the  ahe  of  iJir^e  jxirtiV/«i  at  the 
beginning  of  their  ffrowlh  ?  What  notion  csm  you  f<irin 
of  the  magnitude  of  such  particles  ?  The  distances  of 
tteUar  apace  give  us  simply  a  bewildering  sense  of 
rutocM,  wiUiout  leaving  any  distinct  impression  on 
the  mind;  and  the  magnititdcw  with  which  we  have  hero 
to   do,  bewilder   us  equally  in    tbe    opposite   directioib  i 
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We  m  dealing  irith  tQfinitcsinuls,  compared  witfc 
which  the  tmt  objects  of  the  microsct^  are  Utenlly 
iminvntie. 

From  tbdr  perviousneu  to  stellar  li^t,  sod  otius 
oont^ideraUons,  Sir  John  llerschpl  drew  fomo  startling 
coQclusionx  rf?gBTdiiig  th«  deositj  and  wciglit  of  coia«t». 
Vou  know  that  tb»c  cxtrnotdiiaiT'  aod  mjstvHous  bodid 
HOinetinivs  thtov  nut  taiU  100,000,000  of  nulr* 
length,  and  G0,DO(i  miles  in  diameter.  The  diameter 
our  earth  is  S,000  miles.  Both  it  and  the  skjr,  and  a 
good  portion  of  space  boyond  the  sky,  would  certainly  l* 
iucludcd  in  a  fpfacro  10,000  miles  across.  I>^t  tia  fill  & 
ItoUow  tpbcrc  of  tliis  diameter  with  cometaiy  matter, 
and  make  it  our  unit  of  mesniro.  To  produce  a  comet'* 
tail  of  the  sbte  jiict  mentioned,  about  S00,000  ncJi 
mcasurea  would  have  to  be  rmpticd  into  Kpaee.  Now  tof- 
poM  the  whole  of  thii*  stuff  to  be  swept  together,  attd 
Fuitnbly  compreesed,  what  do  you  suppose  it^  volinw 
would  be  ?  Sir  John  Uerscbel  would  prulnbly  tell  jau 
that  tltc  wlmlo  mau  might  be  carted  away,  at  a  niigl^ 
effort,  by  one  of  your  drsy-bor»c:<.  In  fiict,  I  do  not  knti* 
that  he  would  require  more  than  a  small  badionofk 
borsc-power  to  remove  lite  cometary  diutt.  Alter  thi*, 
you  wilt  hardly  re^faxd  as  monstrous  a  notion  I  ban 
Bomclimes  cntcrtaimxi,  concerning  the  quantity  of  mattei 
in  our  sky.  Suppose  a  shell  to  surround  the  earth  at  a 
distance  whidi  would  place  it  beyond  the  groaM>r  mattrj'  dul 
bangs  in  the  lower  r^ons  of  tbo  air — my  at  the  height  4f 
the  Matterhoro  or  Mont  Blanc  Outxidc  this  diell  we  iborfl 
have  the  dtvp  blue  firmament.  Let  the  atmnspberie  rntt 
beyond  the  «hcll  be  swept  cleaa,  aod  the  sky-raattif 
propt-rly  gntbered  up.  'ft'hat  would  be  it«  prot«tfc 
■mount  y  I  liave  sometlmoi  tbongfat  that  a  lady's 
man*«au  would  contain  it  all.  [  luve  tbooght  that 
gentJemau's  portmanteau— possibly  his  snuff-box— 
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take  it  in.  Aiid.whcUier  Uie  actual  sky  be  capable  of  tliis 
amount  of  ooodensation  or  not,  I  entertain  no  donhl  that 
a  sky  (juite  as  vast  an  oim,  and  as  good  in  apfxnranco, 
could  be  fonned  from  a  tjuantity  of  muttvr  wliivh  might 
be  ht'ld  in  tlie  bollow  of  th«  hand. 

Small  in  mass,  the  ^-astneea  in  point  of  number  of 
the  particivs  of  our  eky  may  be  inferred  From  the  con- 
tinuity of  its  light.  It  is  not  in  broken  patches,  nor  at 
»cattered  point«,  that  the  heavenly  azure  is  revoalod.  To 
tite  observer  on  the  summit  of  Aluut  Blnnc,  Uie  blue  ih  a* 
uniform  and  coherent  as  if  it  formed  the  aurface  of  the 
moB-t  closo-gtained  solid.  A  marble  dome  would  not  ex- 
hibit a  stricter  continuity.  And  Mr.  Gloishcr  will  inform 
you,  that  if  our  liypolliutieal  shell  were  ]i(l«d  to  twice 
the  height  of  Atout  Blanc  above  the  earth's  surfiicc,  wc 
stiuuld  still  have  the  ax.ure  overhead.  Everywhere 
tlin^u^  the  atmosphere  those  sky-particles  are  strewn. 
They  fill  the  Alpine  vallojrs,  epreadinfr  like  a  delicate 
]^uze  in  front  of  tlio  slopvs  of  pine.  They  sometimes  so 
swathe  the  peakit  with  light  as  to  aboIiHh  their  defioitiotn. 
This  year  I  have  seen  the  Weissham  thus  dissolved  in 
opalesee&t  air.  Ity  proper  iostrumeuts  the  glare  thrown 
from  the  sky-porttcle«  againjtt  the  retina  may  be  quenched, 
niid  then  the  mountain  which  it  obliterated  starts  into 
Middea  definition.  Its  extinction  in  front  of  «  dark 
nountain  resembles  exactly  the  withdrawal  of  a  veil.  It 
tfl  the  li^bt,  then,  taking  po»c»ion  of  the  eye,  and  not 
I  he  particles  acting  as  opaque  bodii-s,  that  interferes 
with  Uie  dettnition.  By  day  this  light  quenches  the 
■(an ;  even  by  moonlight  it  is  able  to  oxolade  from  vision 
all  stars  between  the  hfUi  and  the  elevenrh  magnitude. 
It  may  W  likenml  to  a  noise,  and  the  feebler  stellar 
radiance  to  •  whisper  drowned  by  the  noise. 

What  is  the  nature  of  the  particles  which  shed  this 
light?     The  celebrated  De  la  Rive  ascribes  the  haze  of 
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tiw  Alpa  in  Goe  veatlier  to  floatio^  orf^aitie  gertiu. 
be  poedbte  exiatenco  of  ^rms  in  xitcli  profnaon  bw 
Jd  up  as  an  aljiurility.  It  bos  hvcn  affirmed  that  Onef 
would  darkeo  the  sir,  uhI  on  Lbe  awamod  imposifailit; 
of  their  existence  in  tbo  ro(]uiut«  Dumbeiv,  without  inn- 
sioDof  the£olarlighl',ana|^rciiU5poffeTful  vgiuiuiiitfaai 
been  based  b;  believers  in  MpontanvousgeiMamtiotJ.   Sitnilu 

targumcnta  hsire  been  used  by  the  opponents  of  tbe  genn 

rtbeory  of  epidemic  H !»■«*,  who  have  triumpbantlj  dmi- 
lenged  aD  appeal  to  the  microecope  and  the  cbemist**  iNda&i 
to  decide  the  t^ueetion.     Sueb  aij^tuDOiti^  bowerar, 
founded  on  a  defective  aoquaintonoe  with  the  powen  aad 
propcTtio*  of  matter.     Without  committing  myself  in  tha 
cut  to  Do  1b  Rivc'i  notion,  to  tliedoctnae  of  spootaneona 

'generatioiitOTtotlicgenntfaeofyof  diKAM,  I  would  simpl* 
draw  attvntioo  to  tlio  domoDKtrable  &ct,  that,  in  tbe  atmo> 
B,  we  have  parttcli^it  which  d«fy  bath  t)>B  microeonf* 

(■od  the  baUnc«,  which  do  not  darken  tbe  air,  and  whi 
4,  ncrertheless,  in  multitudes  sufficient  to  Kdiice 
iniignifi canoe  the  Israditiah  hyperbola  regarding  the 
upon  tbo  go«-«bore. 

Tbe  varying  judgment*  of  men  on  theae  and  etha 
([iieetions  may  perhaps  be,  to  some  extent,  accounted 
by  that  doctrine  of  BoUlivity  which  playa  ao  important 
part  in  phiIo»opby.    This  doctrine  affirms  that  the  im 
Dions  made  upon  lu  by  any  ctrcunutane^  or  oombiiiatji 
of  circumstances,  depend  upon  our  pniTJons  ttal&    Two 

I  trarellcrB  upon  the  same  height,  the  one  baring  aaMoM 
to  it  &om  the  plain,  the  other  having  deaccnded  u>  it  froaa 
a  bigtier  oleration,  wiU  be  differently  aff»t«d  hy  tbe  mcm 
around  them.  To  the  one  nature  is  expanding,  to  Ik* 
other  it  is  contracting,  and  fevlingi  which  have 
such  different  anlM^ident  atat4M  are  sure  U>  diflbf. 
our  wiontific  judj^entx  the  law  of  fdatiTJty  wuf 
play  an  important  part.     To  two  mea,  one  ■diwHtfJ  u 
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the  school  of  tlie  eensM,  having  tnainly  occupied  himself 
with  obeervstion ;  the  other  educatod  in  the  echool  of  inuk- 
ginntion  as  wvll,  and  o-xorcisMl  in  thv  conception*  of  atoma 
Bud  tnolc«td(^  to  which  we  hnvn  to  freitiiciitlj  r«rerTed,  a 
bit  of  mattRT,  nnj  jnf^^th  of  an  inch  in  diameter,  will 
present  iUelf  diiferently.  The  one  descends  to  it  from 
his  molar  heights,  the  oUier  climbs  to  it  &om  hU  mole- 
cnlar  low-iands.  To  the  one  it  appears  small,  to  the 
other  large.  So,  also,  as  re)*arda  ih«  appreciation  of  tlio 
most  mioule  forroitof  life  revealed  by  the  microacope.  To 
one  of  tJie  men  these  naturally  appear  conterminous  with 
the  ultimate  particles  of  matter;  there  is  but  a  step 
from  the  atom  to  the  organism,  llie  other  diecenis 
atunbetleflS  organic  gradations  betwecu  both.  Comparod 
with  his  atoms,  the  Rmulle«t  ribrios  and  bacteria  of  tho 
microscopic  liold  are  as  behemoth  and  leviathan.  The 
law  of  relativity  may  to  some  extent  explain  the  different 
attitudes  oftwo  such  persons  with  regard  to  the  question  of 
.taocous  gencfation.     An  amount  of  cvidencv  which 

igfiea  the  one  «utirc3y  faili  to  satixrv  the  other;  and 
while  to  the  one  the  last  bold  defence  and  ttartUng  ei- 
panaioo  of  the  doctrine  by  Dr.  Uastian  will  appear  per- 
fectly conclusive,  to  the  other  it  will  present  itself  an 
imposing  a  profitlefls  labour  of  demolition  on  subsequent 
iovestigatois. 

Tjflt  mesayliurethatmaoyof  OUT  physiological  observers 
appear  to  form  &  very  inadequate  e^tinuite  of  Uio  distance 
which  wpaiates  the  microscopic  from  the  molecular  limit, 
axtd  thai,  as  a  oonse>]uence,  they  somrtiim-M  i-niplov  a 
phraseology  calculated  to  mislead.  When,  fur  examj^, 
the  eont«nts  of  a  c>t-II  are  described  as  perfectly  homo- 
geoeons,  or  as  absolutely  struetureless,  becaiiso  the 
microacope  fails  to  distinguish  any  Btrnctnre ;  or  when 
two  rtmctuTes  are  pronounced  to  be  without  diflTervocc, 
bvcausft  the  microscope  can  discovf  r  none,  then  I  tKvcvk. 
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tbc  micTOwxipe  be^:iiiB  td  pis;  »  misohievouB  fmU    A  liUIo 

:COD»i<torat ion  will  tnakp  it  plain  that  tbo  microscope  ns 
have  no  voice  in  the  quest  iod  of  guna  ftnic(UTc.  DiftiUtd 
watoT  is  more  prrfcctly  hoiiMigt>ji(!Oi»  than  »o.y  powiHf 
organic  gerja.  Wliiit  in  it  that  cauies  Die  liquid  to  nur 
oimtracting  st  39"  Fahr.,  and  to  expand  until  it  fncara  ? 
I*hi9  is  a  Mnictunt)  process  of  which  the  miorgsoopr  con  take 
DO  note,  nor  is  it  likdr  to  do  so  bj  an;  eoocelTable  exteb- 
kIod  of  its  powers.  I'Ucc  distUlcd  water  in  tha  field  of  an 
«lcctro>niagnet,  and  bring  a  microKope  to  Uar  Dpoo  it 
Will  anr  change  be  observed  when  the  magnet  t*  excited: 
Absolutely  twne :  and  stiil  profound  and  oomplex  change* 
have  occurred.  First  of  all,  tho  particles  of  water  haw 
been  rendered  diaioagnetieally  )xdar;  and  •econdly,  iu 
virtue  of  tho  structure  impressed  upon  it  by  the  magneti 
whirl  of  its  mvlirculo*,  tho  liquid  twists  a  my  of  lit;ht 

I  a  fa^on  perfectly  d<4erminat«  both  as  to  quantity  aiid 
direction. 

Have  the  diamond,  the  amethyst,  and  the  countlns 

ketliet  ory«tals  formed  in  lh«  luborutM-ie»  of  luiture  aod  et 
man  no  structure  ?  Assuredly  they  have ;  but  what 
the  microscope  make  of  it  ?  Nothing.  It  camiol  he 
distinctly  borne  in  mind  that  between  tlw  mierono|M 
limit,  and  the  tiuo  molecular  liniit,  there  is  room  fer 
infinite  prrmutations  and  com bl  nation*.  It  is  in  this  r^- 
gionthal  the  poles  of  tlicatomiiariianaiigcd,  that  tendcaei 
is  given  to  their  powers ;  so  that  when  these  poles  and 
powers  have  free  action,  proper  stimulus,  and  a  Miiialilj 
irironmont,  they  determine,  first  the  gam,  and 

the  complete  oi^anian.     This  Snt  marahaUing 
be  atoms,  on  which  all  suUequent  action  depends,  \m, 

a  keener  power  than  that  of  tlw  miaascope^     Wlum 

ered,  the  complojtity  of  the  problen  laisee  the  donbt, 

of  the  power  of  our  ioetnuDeot,  for  that  it  nil,  W 

ibetlier  we  oursdves  poesess  the  intellectual  damraU 
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wbich  will  evMF  enable  us  to  grapple  witli  tlw  ultiiuiilo 
Htnictural  encrgica  of  nature.' 

In  mure  tcnm  than  one  Mr.  Darvin  has  drawn 
heavily  upon  tbo  tcifoitific  tolcrancfl  of  Ms  a|^e.  Ho 
lias  drawn  li«avily  upon  time  in  his  dovelopmcnt  of  ipeciM, 
uid  lie  has  drawD  adventurouttty  upon  matter  in  his  Ikeory 
of  paD^neda.  According  to  ihis  theory,  a  genn  already 
microMopic  in  a  world  of  minor  getna.  Sol  only  is  the 
gBnism  Ds  u  whole  wrapped  up  in  the  f^etta,  btit  every 
of  Uio  orgamiun  luui  there  its  special  seed.  This,  I 
i»  an  adventurous  draft  on  tho  power  of  matter  to 
vid«  itoclf  and  distribute  it«  &ioes.  But,  unie^  wci  are 
Meetly  sure  that  he  is  overstepping  the  bounds  of  rea- 
,  that  he  is  unwittingly  tdnning  against  observed  fact 
or  demonstrated  law — for  a  mind  like  that  of  Darwin  can 
never  sin  wittingly  against  cither  fact  or  law — we  ougbt, 
I  think,  to  be  cautious  in  timitiug  his  int^lloctiial  hori- 
U  thete  be  the  least  doubt  in  tbe  matter,  it  ou|;ht 
:o  be  given  in  favour  uf  the  fre^om  of  such  a  mind.  To 
it  a  vast  possibility  is  in  it«clf  a  dynamic  power,  though 
possibility  may  never  be  drawn  upon.  It  gives  me 
tleasure  to  tliink  that  (lie  facta  and  reasonings  of  this 
rs«  tend  ntthcr  towards  tbe  juvtilieation  of  Mr. 
Darwin,  than  t^iwards  his  condemnation ;  iliat  they  tend 
rather  to  augment  than  Ut  diminish  thi^  cubic  t\ai»  de- 
manded by  this  soaring  speculator,  for  they  seem  to 
show  the  perfect  competence  of  matter  and  force,  as  ro- 


>  'In  uiog  tli«upt«Mio<i"oo«*oit  oriiiioff  subBliinM'  I  xitut  gaonl 
•giiatf  biioK  <Bi.|mU  to  nuuia  iLkI  any  Uiul  of  )ixi\ig  prutopluni  ia 
hwaosaMOii*.  ItjiUuii  Ihougli  it  mny  trppau.  wv  lif  n"t  »t  pnatnt  tXAo 
to  tangn  »nj  Until  (o  iU  comFtuii]'  of  uniclBi*.— Burton  Saiidanon,  in 
ll>*  ■  HriUiii  ll*a>ail  JowmI.-  Jasmuj  16.  1879. 

W*  bur*  b«n  «iratifl«  in^gbl,  uid   iu  ooitcIsItt*  ehuimai.    Is  liua 
Dr.  SmBAmcm't  imjmtaMll  wwrth**  »t"  s  amilDuoi  illu>u«uon  of  ()i«po*  i 
■Uloa  lai>!  Aam  idam. 
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girda  divUibility  and  distribution,  to  bear  the  beaTicit 
Rtrain  tb&t  he  has  bitberto  imposed  upon  them. 

In  tbe  case  of  Mr.  Darwin,  obecrvaLIon,  imagination, 
and  reason  combined,  havo  run  back  with  wonderful 
BSgad^  and  suocees  over  a  certain  Icn^h  of  iha  lino  of 
biolof;ical  enccession.  Onidetl  by  analogy,  in  liie  *  Origin 
of  Specicj '  b«  placvd  at  tlie  root  of  Ufa  a  primordial 
g«m],  from  wliicb  bo  voii«eived  the  antuin^  richoM*  and 
variety  of  the  organismii  now  npon  the  earth's  nirfiMe 
might  be  deduced.  If  this  bypotbeoa  wen  even  trac^  it 
would  nob  be  finul.  The  human  mind  wootd  in* 
InlUbly  look  behind  the  germ,  and,  however  Lopeleat  tbe 
attemi>li  would  enquire  into  tbe  bintory  of  it*  geoeaU.  In 
this  dim  twilig'bt  of  conjectore  the  searther  welonmee 
every  gleam,  and  aeeka  to  augment  his  light  by  indirect 
inoidenced.  He  studies  the  methods  of  nature  in  the  agei 
and  tbe  worlds  within  bis  reai^,  in  order  to  shape  the  course 
of  spoculation  in  the  antecedent  ages  and  worlds.  And 
though  tbe  eettainty  poeeessed  by  expeiimental  enquiry  is 
here  shut  out,  we  are  not  left  cntirdy  without  guidaaf& 
From  the  examination  of  the  solar  ejsbem,  Kant  aod 
I^placo  came  to  tbe  conolodoa  tliat  iU  various  bodies 
once  formed  porta  of  the  same  ondislocated  mass|  that 
matter  in  a  nebulous  form  preceded  matter  in  i\a  pracwt 
f>rin  i  that  as  the  nj;cs  rolled  away,  bent  was  waited, 
Dondensstion  followed,  pbincts  were  detaebed;  and  that 
finally  the  chief  portion  of  the  hot  cloud  reaebsd,  hy 
self-eompression,  the  magnitude  and  donsi^  of  oar  sua. 
Tbe  earth  itself  offers  evidence  of  a  fiery  origin  ;  and  in 
our  day  the  hypotheds  of  Kant  and  Laplaae  raceira  tia 
itiilfpcndcnt  comitpnanoe  of  spectmm  analjtta,  whic^ 
proves  tbe  siune  suhetancea  to  lie  commoo  to  Llie  eahh 
and  sun. 

Aeoepting  some  such  view  of  tbe  cMMtnetioii  uf  Mr 
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jntem  M  probable,  a  deairo  iintnndialKlj  arises  to  oonti«ct 
the  prcMMit  life  of  our  pUii>et  with  the  past.  We  wieb  to 
know  fonu-OiiDgof  our  remotest  ancestry.  On  its  firvt 
dnt&cliineiit  bom  tbe  centnU  mass,  life,  as  wo  imdorsUad 
it,  cotUd  not  have  been  present  on  Uiu  curtb.  How,  thvn, 
did  it  como  Uicre  ?  The  thing  to  bv  onooontged  b«re  i*  a 
levercnt  freedom — a  freedom  preceded  by  the  bard  di»- 
cipUiM  which  dieckji  licentiou<tH»8  in  speculation — while 
tlie  thing  U)  be  repressed,  both  in  scieoce  and  out  of  it,  is 
dogmatism.  And  here  I  am  in  the  bands  of  the  meeting 
— viUing  to  cod,  but  rrwly  to  go  on.  I  li&ve  no  right  to 
iatmde  upon  you,  unasked,  tlw  unformed  notions  which 
an  floating  like  elunds,  or  gathering  to  more  solid  con- 
sistency, in  the  modem  speculative  scicntifio  mind.  But 
If  you  wish  me  to  speak  plainly,  honestly,  and  undi^pii- 
tationsly,  I  am  willing  to  do  90.     On  the  present  ocoa- 

fioD — 

Ta  an  anUlDtd  to  call,  »ai  I  h>  comt. 

Well,  your  answer  is  given,  and  I  obey  your  call. 

Two  or  three  years  ago,  in  an  ancient  I»ndoti 
College,  J  listened  to  a  diseossioD  at  the  end  of  a 
lecture  by  n  very  mmarkablo  man.  Tbroo  or  four 
hunilrcd  clergymen  were  present  at  the  lecture.  The 
orator  began  with  the  civilisation  of  Egypt  in  tbo 
time  of  Joecpb ;  pointing  out  the  very  perfect  organi- 
ntion  of  (he  kingdom,  and  tbo  poesesaion  of  chariots, 
in  one  of  which  Joseph  rode,  as  proving  a  long  antecedent 
period  of  civilisatioiK  Ue  then  passAcl  on  to  the  mud  of 
the  Nile,  its  rate  of  augmentation,  iU  present  thickness, 
and  the  remains  of  human  handiwork  found  therein; 
tlunico  to  the  rocks  which  bound  tbo  Nile  valley,  and 
which  t«cm  with  organic  remains.  Thus  in  bis  own  clear 
and  admirable  way  be  canted  the  idea  of  the  world's  age 
to  expand  itself  indefinitely  before  the  minds  of  bia  audi- 
eoce,  and  be  contrasted  this  with  the  age  unmU^  ua\^^»A 
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to  tfae  vorld.  Dunog  his  disoourae  be  seemed  to  br 
>idnuii!o;;  against  n  tttnom ;  ha  mmifntlf  tbongbt  ibtt 
he  vas  oppusiiig  ■  g«D«ral  conTJction.  He  cxpMtol 
roeirtiiDcu ;  «o  did  I.  But  it  mu  aU  ft  mistake  i  then 
iras  no  adversa  current,  no  opponng  ctinricUon,  no  tout- 

^anvc;  mt^rel;  here  and  thera  a  half-btunoroDs,  but  ni»- 
snccesaful,  Mtompt  to  entangle  him  in  bis  talk.  TW 
meeting  agrc<>d  with  all  that  had  been  njd  regarding  tbo 

^antiqnitj  of  Uio  ourtb  and  of  iU  l>f«.  Tlwy  had.  indeed, 
It  all  long  agA,  and  they  imliied  the  lecturer  for 
Qg  amongst  thom  with  so  stale  a  ttoiy.  It  wu 
Ite  plain  that  this  large  body  of  dergrmeo,  wbo  imv. 
I  should  eaf,  tho  fiaeet  samples  of  their  claas,  bad  an- 
tirely  gircn  up  the  ancient  landinarks,  and  tran^iorti 
the  conception  of  life's  origin  lo  an  indcfinitdf  diitatii 
past. 

Thi«  Ifjidii  tM  to  the  giat  uf  our  present  enqulrj,  «Usfc 

'  it  ttiis:  Does  life  belong  to  what  we  call  matter,  or  ii 
it  an  independent  principle  inserted  into  matter  at  »ik 
suitaMe  epoch — eaj,  when  tbo  phjEtcal  conditions  became 
such  as  to  permil  of  tho  dcrctopmcnl  of  Itf»?  Let  W 
put  the  question   villi   the   reverence  due   to   a   bUb 

^tod  culture  in  which  we  all  were  cradled,  and  wUeb 
are  the  undeuiablc  historic  antecedents  of  oar  ptmt 
floIightonmenU  I  eay,  let  us  put  the  qu«tioa  revenatl^ 
but  let  ui  also  pat  it  clearly  and  dcfiniU-lT.     Thm*  m 

|the  ttnMigest  grounds  for  believing  that  during  a  entala 
period  of  its  history  the  earth  was  Dot,  nor  waa  it  Si 
to  be,  the  tbeatro  of  Ute.  Whether  this  was  am  » 
arbuloua  period,  or  merely  a  moKen  period,  does  Mt 
looh  matter;  and  if  we  revert  lo  the  nebulous  ooodibM. 
it  is  because  the  probabiliUes  are  really  on  its  rid&.  Ow 
luestion  is  this :  Did  creatiTO  eoeif^  pauK^-  until  tir 
ahDloQS  matter  had  ooadeoasd,  until  (be  nrtb  bad  hum 
detached,  until  the  sobr  fire  had  to  tu  withdiawii 
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le  eartli'a  vicinitf  as  to  pennit  a  crust  to  giitker  round 
le  planet  ?  Did  it  v&it  until  the  air  vastAoUted  ;  imtil 
tbe  Bens  wore  fonnn);  until  cvapontion,  condensation,  And 
the  di'^fcmt  of  nio  bnd  bcgtin ;  until  tho  ero<lin|f  forces 
ijf  thi;  atmofipbere  had  weatliered  and  dvcomposcd  tJie 
inolten  rocka  bo  as  to  form  soils ;  until  tho  nin't  ny»  had 
become  eo  tempered  hj  distaaoe,  a&d  by  vasle,  as  to  be 
ehemicalljr  fit  for  th«  decompoBitiona  necoEeaiy  to  ve^- 
table  life?  Having  w»Jt«d  ttirough  those  iDons  until  the 
prafx^r  conditions  bad  »et  in,  did  it  send  (lie  fiat  forth, 
'  Let  there  be  Life  I '  F  These  questions  define  a  hjpo- 
tb«au  not  without  it«  difficulties,  but  the  dignity  of  which 
waa  demonstrated  by  the  nobk-ncss  of  (he  men  whom  it 
stutatned. 

Modem  seientifie  tliought  is  called  upon  to  dedda 
between  this  hypothesis  and  another  ;  and  public  thought 

erally  will  atterwards  be  colled  upon  to  do  the  same. 
howcTcr  tlic  convictions  of  individuals  here  and 
thero  may  be  inilueu^M-d,  tbe  procew  must  be  slow  and 
sveular  wbith  commends  the  hypothesis  of  Natural  Evolu- 
tioa  to  the  public  mind.  For  what  ace  the  core  and 
easenoe  of  this  hypothesis  ?  Strip  it  naked,  and  jou 
■tatid  £ace  to  face  with  the  notion  that  not  alone  the 
morQ  ignoble  forms  of  aoimalctdar  or  animal  life,  not 
nlone  tbe  noliter  forms  of  the  horse  and  Hon,  not  alone 
tbe  exffuisite  and  wonderful  mechanism  of  the  bumcn 
body,  but  that  the  human  mind  itself — emotion,  intellect, 
will,  and  all  their  pbenomrna — went  once  latent  in  a  fiory 
cloud.  Surely  tlte  more  statement  of  si>ch  a  notion  is 
more  than  a  reftitation.  Rut  the  bypotbesis  would  pro- 
bably go  even  fitxther  than  this.  Many  who  bold  it 
would  probably  assent  to  the  position  tliut,  at  the  present 
moment,  alt  our  philosophy,  all  our  |M)etry,  all  our  science, 
■nd  all  our  art — Plato,  Sbakqiewe,  Newton,  and  Ilaphael 
potential  in  the  fires  of  the  sun.     We  long  to  learn 
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Moinctliiiit;  nf  our  origin.  If  tbe  EtoIuUoq  bypolnc^  I 
oirnel,  even  this  UHMitisScd  yeanuDg  mu&t  law  cimw  I 
ti<  aciOM  the  aga  vhicb  scptuatc  Uie  unconscious  piimev 
mist  firom  the  consci<iu«D«»  of  to^;.  I  do  oot  Itunk 
that  &n;  huUW  of  the  Evolution  ItTpothcMts  ifooU  amy 
tlutt  I  overstate  or  OTerstxain  it  in  aoy  way.  I  nenly 
strip  it  of  all  vaguenees,  and  bring  before  you,  ondoUied 
and  unwDuhcd,  the  notions  by  wbidi  it  must  ataiMl  or 
full. 

SuTtJy  tlivRo  notions  represent  an  absurdity  too  mon- 
iitr»uA  to  be  entertained  by  any  nt»  mind-     But  why  at» 
Ruch  notions  abnird,  and  why  thould  sanity  reject  ihvm  ? 
The  law  of  Rolativity.of  which  wehare  previDuoJy  t>pokcn, 
may  find  its  aj^licalios  here.    Ilteee  Evolution  notions 
,  aro  ab«iu^,  monstrous,  and  fit  only  for  the  int«Ueetual 
gibbet,  in  relation  to  the  ideas  concerning  matter  wbid 
were  drills)  into  tu  whon  young.    Spirit  and  matter  have 
ever  been  presented  to  us  In  tho  rudcit  contrast,  the  one 
as  all-noble,  the  other  as  all-vile.     But  is  this  correct? 
Upon  tbo  answer  to  this  qneetiiMi  aii  depends.     Suppoaii^ 
that,  instead  of  having  the  foregoing  anlithed*  of  ^liiit 
and   matter  prewnt«d  to  our  youthful   minds,  we  bad 
been   taught  to   regard    them  aa  equally  wurthy,  and 
equally  wonderful ;  to  ooosider  Ibom,  in  &ct,  as  two  op> 
posite  ikcn  vf  the  fclf-miw  mystery.     Suf^ming  that  ia 
youth  we  had  been  imprrgnstod  with  the  notion  of  tho  powt 
Goethe,  instead  uf  lite  notion  of  tho  poet  Yoiaig,  loddnf 
at  matter,  not  as  brute  matter,  but  as  Umj  *  liTing  gaioMnt 
of  God ; '  do  jxiu  not  think  that  mtder  theao  altand  of- 
cumrtanccs  the  law  of  Itelatirity  might  hax-o  bad  aa 
outcome  difli'-rRDt  from  ita  preaent  ooe  7    la  ft  oat  pro- 
bable that  our  repognancc  to  tbo  idea  of  priroenl  uttiM 
between  ^irit  and  matter  might  bo  oooriderably  alatfad! 
^\^'iIhout  this  total  revolution  of  the  notions  bow  pn^ 
ralent,  tbi:  £voV\V\on  ^t^v'^Alhen^  miet  stand  txmdeaati- 
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jt  in  many  profoundly  thoughtful  minds  eucb  «  revolu- 
_tion   has  nlrondy  takon  pbce.     They    degrade    neither 
nber  of  tli«  myittvriww  duality  refivrcd  to ;  but  tli«y 
It  one  of  them  from  its  abaitement,  and  ntpcjU  the 
ivorco  hitherto  cxistin);  between  i>otl).     In  Hul^stanoe,  if 
in  words,  titHr  position  os  regards  the  relation  of 
'^)iril  and  matter  in :  '  Wlwt  Ood  hath  joined  tocher  let 
not  nuui  put  aaunder.' 

Yoa  bav«  been  thus  led  to  tJie  outer  rim  of  speeulative 
■enoe,  Ibr  beyond  the  nebulie  sdentifio  thought  haa 
er  hitJtcrto  vruturod.  I  btive  tried  to  stato  that  which 
I  onnsidcred  ought,  in  bimess,  to  bo  oiitupokvn.  I 
OKillter  tliiuk  this  Evolution  h^'poth(«i«  i>i  to  be  flouted 
away  ooot<;mptuoQsly,  nor  that  it  ought  tu  be  denounced 
ae  wicked.  li  u  to  be  brought  before  tho  bar  of  dis- 
ciplined mMm,  and  there  jiuUfied  or  condemned.  Let 
ua  hearken  to  tJioee  who  wisely  support  it,  and  to  thoM 
who  nleely  oppose  it ;  and  let  us  tolerate  those,  whose 
name  is  legion,  who  try  foolidily  to  do  either  of  these 
thing*.  The  only  thiug  out  of  plaee  in  tlic  diteuMion  is 
dogmatirm  on  either  side.  Fear  not  the  Kvolutioa  hypo- 
thens.  Steady  yonrtcIvM,  in  its  preecncc,  upon  that  faith 
in  the  ultimate  triii[n|>h  of  truth  which  was  expressed 
by  old  Gamaliel  when  be  said:  'If  it  be  of  Ood,  yo 
cumot  urerthrow  it;  if  it  be  of  man,  it  will  come  to 
noughu'  Under  the  fierce  light  of  scientific  enquiry, 
it  ia  sure  to  be  diwipated  if  it  posccss  not  a  core  of  tjruth. 
Trust  me,  itH  exi^enee  as  a  bypotbests  in  quilu  com- 
|»table  with  the  simiiitaneous  existence  of  all  those  virtues 
to  which  the  t«rm  '  Christian  *  has  been  applied.  It  does 
not  aolve — it  does  not  profv«  to  solve — the  itlLimatu 
Dystery  of  this  universe.  It  leaves,  in  fact,  that  mystery 
utoucbed.  For,  granting  the  nebula  and  its  potential 
ife,  the  question,  whence  tliey  oamc,  would  still  remain 
I  baffle  and  bewilder  us.    At  bottom,  the  lis^thou  <km  I 
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Dotbing  more  than '  traDspart  tlie  oanoepUon  of  life's 
to  an  in(l«flnitely  distant  past.' 

TlioM  wlio  bold  tbe  doctrine  of  Evtdution  are  b; 
means  ignorant  of  tlie  ttncertainty  of  Ibeir  data,  and  tbe; 
only  yield  to  it  a  prOTiaional  onent.     Tlicy  regard  tht 
nebular  lirpotbeaia  aa  probable,  and,  in  tb@  ntter  abtenoe 
of  any  evidenco  to  prove  the  act  illegal,  they  extend  tt* 
method  of  nature  tii>m  the  pre^ot  into  the  paat.     Hi 
the  observed  iinifornttty  of  nature  is  their  only  guii 
Within  the  long  range  of  physical  enquiry,  they  ha' 
n«vflr    diBCcropd  in    natnt«   the  insertion    of  eapriea. 
Tbrougbout  this  ratlin,  tbo  laws  of  physical  and  intd- 
loctual  continuity  have  run  side  by  side     Having  tJita 
dctormined  tbo  clement*  of  tbcir  curve  in  a  wofU  of 
ob»ervi>lioii  aii<l  <'X]>"rimOHt,  they  pndong  that  curro  into 
BD  Ktiti^oedcnl  worKl,'  itnd  acoept  n>  probable  tbo  unbroken 
sequence  of  dev<-lopn)ent  from  the  nebula  to  the  prrM-al 
time.     You  never  hear  the  really  philci.'iophieftl  dttCmden 
of  the  doctrine  of  Uniformity  speaking  of  impostiiUitia 
in  nature.     They  never  say,  vhat  they  are   eotuUntly 
chargi-d  w'th  >aying,  tJuit  it  in  imponible  for  the  BuiUn 
of  the  untverae  to  alter  His   work.      Tbdr  burine«  ii 
not  with  the  poBsiUe,  hut  the  actual — not  with  »  wocU 
vbicb  mi^/ht  be,  but  with  a  world  th&t  ia.     This  tfacy 
explore  with  a  onujage  ni>t  ituinixcd  with  rerertmce,  Mid 
according  to  methodii  which,  like  the  quality  of  a  tnv,  br 
tcfitod  by  their   fruitn.     They  have   hut  one  de^iv— la 
know  the  tnitji.     They  have  but  one  tear — to  beUere  i 
lie.     And  if  they  know  the  ctrengtb  at  seienoe,  and  r*j;t 
upon  it  with  unswerving  tniat,  they  aim  know  the  liautt 
beyond  which  science  ceasca  to  be  Btroog.     They  be>lka«v 
that  qtie«tioRfi  oAW  themMilvee  to  thought,  which  aeicsnk 
aa  now  prosecuted,  has  not  eno  the  ttoAauj  l« 
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They  kc«p  Bud)  quasUoiis  open,  and  will  not  tutente  any 
uunececiary  limitation  of  Uie  horixnn  of  their  soub.  Thcj 
hav6  as  little  feUovehip  with  the  atheist  who  says  them  ia 
no  Ood,  as  with  the  (lii-i»t  who  profpssc«  to  know  the  mind 
of  God.  'Two  UiiiigH,' Haiti  tmnianiKil  Ka»t,'6U  mc  with 
awe  ;  tlie  starry  heavens,  and  th«  »i;>\m>  of  moral  refpomti- 
bilily  in  man.'  And  in  his  hours  of  he«lth  and  stri-ngth 
and  sanity,  when  the  «troko  of  action  has  ceased,  and  the 
pause  of  reflection  iia«  sot  in,  the  eciontific  inreeti^fator 
finds  )iim«(4f  ovenhadowed  by  Uio  «am«  awe.  Breaking 
contn4!t  with  the  hampering  details  of  earth,  it  axsociates 
htm  with  a  Power  which  gives  fulness  and  tone  to  his 
ensteoce,  bit  wfaieh  he  can  neitJter  analyse  nor  com- 
prcbond. 


^xisi-nfft  on  the  Matterttorn,  Jul}/  27,  1868. 

'  Hacked  and  hurt  by  time,  tlie  aspect  of  th«  moun- 
laio  from  ita  higher  crags  saddened  me.  Hitherto  the 
itnpreasioQ  it  made  was  that  of  savage  strength  ;  here  w« 
had  JDcigntble  decay.  But  this  notion  of  decay  implied 
n  roffTGUco  to  a  pvriod  when  tlie  Mntterhom  was  in  the 
full  sUiingth  of  muuntainhood.  Thouglit  naturally  ran 
twck  to  ita  remoter  origin  and  sctdpturx;.  Nor  did 
thought  halt  there,  but  wandered  on  through  moltvn 
worlds  to  that  nebulous  bazo  which  philosophers  have  re- 
garded, and  with  good  reaiton,  a*  the  proximato  source  of 
all  luatertnl  things,  I  tried  to  look  at  this  univcnal 
cloud,  containing  within  itself  the  prediction  of  all  that 
has  since  occurml ;  1  tried  to  imn^no  it  as  the  seat  of 
Ihoso  forcve  whiwc  action  was  to  iMnie  in  volar  and  stellar 
«7st«mt,  and  all  that  they  involve.  Did  tl«at  fontdciiti  fog 
oontaio    potentidly   the  aadne^g  with  which  I  Te^T<l»A 
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ths  MutUtrliorn  ?  Did  Ui«  tkouffht  which  oow  ran 
to  it  simply  Mturn  to  its  primeral  home?  If  >o,  bad  «» 
not  brtter  recast  our  definitions  of  matt«r  and  forc« ;  for,  if 
tife  sod  thought  be  the  very  flowor  of  both,  asty  dcfiiiitiuB 
which  omiU  life  and  thought  mitst  bo  toadeqaate,  if  net 
OQtrue.  Are  queetions  like  tbew  wamutted  ?  WUy  tMt  ? 
If  the  final  goal  of  man  has  not  been  yet  attained ;  if  hi* 
dcTelopmcnt  hn*  not  been  y«t  airtsstcd,  vbo  can  say  that 
aucb  jearningt  and  qiii!Stiuuii)g!i  are  not  netawaiy  to  the 
opening  of  a  finer  vinon,  to  the  budding  and  tlw  growth 
of  diriner  powers  ?  When  I  look  at  the  heavena  and  tU 
earth,  at  my  own  body,  at  my  strangth  and  weakne*, 
avan  ut  thenc  ponderingH,  and  aak  myvcif.  Is  there  na 
being  or  thing  in  the  universe  that  knowi  more  aboat 
these  matters  than  I  do ;  what  ia  my  answer  ?  >  Supposug 
oar  tbeologic  Bobemefl  of  creation,  eondemnation,  and 
redemption  to  be  dissipated;  and  tlie  warmth  of  deniiJ 
which  they  excite^and  which,  as  a  motive  force,  ean  match 
the  wannth  of  affinnation,  dissipated  at  Uie  latDD  time; 
would  the  undeflcctcd  human  mind  retam  to  the  meridiu 
of  abwolute  neutrality  as  regards  these  nlt**^ynad 
questions  ?  Is  such  a  position  one  of  stable  eqntHbrinn  f 
The  channels  of  thought  being  already  formed^  mcb  ve 
the  questions,  without  replies,  which  could  run  athwart 
coDsciouKness  during  a  ten  minutes*  bait  upon  tfaSj 
weathered  crest  of  the  Slalterhom.' 
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origiD,  growth,  kdA  energies  of  living  ttiings  are 
ubjecta  which  hare  alwsya  engaged  the  attention  of 
tiiinking  men.  To  account  for  them  it  was  u^ual  to  a&sume 
a  Hpecuil  agent,  free  to  a  great  extent  from  the  limilations 
ab«en'«d  among  Uw  powierB  of  inoi^jauic  nature  This  agent 
was  called  the  vital  farce ;  and,  under  ib  infl)u>ucc,  plants 
B&d  animala  vera  suppoaed  ta  collect  their  niatcrijtl*  and 
to  flKume  determinate  forms.  Within  the  last  few  yean, 
however,  our  iduu  of  rttul  proceacs  have  undergone  pro- 
fouui]  modification*;  and  the  int«rt»t,and  even  di»quietude, 
which  the  change  has  excited  are  amply  e\'ideDced  by  the 
discutRons  and  protests  which  are  now  eommon  rt^rding 
tlie  phenomena  of  vitality.  In  tracing  thcte  phenooiA&a, 
through  all  their  modification*,  Uie  moMt  advanced  philoso- 
phers of  the  present  day  declare  that  tliey  ultimately  arrive 
at  a  fdngle  nurce  of  power,  from  which  all  vital  estergy  ii 
derived;  and  the  disquieting  circumstance  is  that  this 
source  is  not  the  direct  fiat  of  a  supernatural  agent,  but  a 
tewrvoir  nf  wliat,  if  we  do  not  accept  (Jm  creed  of  Zoro««t«r, 
miut  be  R-gnrded  as  I'Tum^nii;  force.  In  short,  it  is  cod- 
aidered  as  proved  that  all  the  energy*  which  we  derive  from 
plants  and  animals  is  drawn  from  thu  stm. 

A  few  yean  ago,  when  the  sun  was  affirmed  to  be  the 
■oDrce  of  life,  nine  out  of  ten  of  those  who  are  alarmed  by 
the  form  rfhi<^  this  assertion  has  latierA^  iu«u\nft&  x«q\^ 
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bsv«  uacutod,  in  a  general  way,  to  iU  coireoLiusi. 
Mwnt,  hovever,  was  more  poetic  than  sctentiSc,  and  the; 
were  by  no  means  prepared  to  see  a  rigid  mecbaoical  s(- 
nificatioQ  attached  to  their  word*.  Thii*,  bowoT«i,  i*  tbt 
peouliarityofmodumooDolusion*: — that  there  is  no  ercAlin 
energy  whaterer  in  the  regetable  or  «nin"tl  orgaatim,  bet 
that  all  the  power  wliicb  we  obtain  from  tbo  mndecof 
man  and  animals,  aa  uncb  aa  that  vhioh  wa  derdi^  ij 
the  combustion  of  wood  or  coal,  has  been  produeed  at  tbe 
sun's  expense.  The  sun  is  so  much  colder  tbat  we  may  hate 
our  fires ;  be  is  also  so  mnch  colder  that  wc  may  hare  our 
horK^Toeiag  and  Alpine  climbing.  It  ist,  for  ^^mj^, 
certain  that  the  sun  has  been  diilled  to  an  extent  capal 
of  being  accurati^ly  expressed  io  Dorobers,  in  ord«r  to 
nUh  the  power  which  lifted  this  year  a  oertais  otunber 
tourist*  from  the  vale  of  Cliamouni  to  Ifae  summit  of  J(i 
Blano. 

To  most  mindx,  howercr,  the  energy  of  light  an)  hnt 
presentA  itself  as  a  tiling  totally  distinct  from  ordinary  me- 
chanical eoercy.  But  cither  of  them  can  be  derired  fnm 
the  other.  Wood  can  be  railed  by  friction  to  the  temp«n- 
turo  of  ignition  ;  while  by  properly  rtrikingapieccof  ina 
a  tkilful  blaclcsinith  can  catise  it  to  glow.  Thtis,  by  tk 
mdo  agfency  of  bis  hammer,  be  generates  li(;ht  and  hot 
This  action,  if  carried  far  euough,  would  produce  tb*  ligH 
and  liiiat  of  tlie  sun.  In  fact  the  son's  light  and  beiftt  ban 
actually  been  referred  to  the  EuU  of  meteono  matter  aftM 
his  surface ;  and  whether  the  sun  is  thus  supported  ar  wt, 
it  is  perfectly  certain  that  he  might  6s  thus  suppodsi 
Whether,  moreover,  the  whilom  molten  conditioa  of  ■■ 
planetW3«,axsuppo(odbyemineQtmm,  doe  to  tbecoUkv* 
of  eoomio  manes  or  not,  it  is  perfretly  certain  that  thr 
molten  conditiun  might  fia  thiu  brt'uglit  about.  If,  Iba, 
•ohir  light  and  heat  can  be  produced  by  Uie  iVr  -■  ■"  '  ■' 
matter,  and  if  frfm  the  light  andheatUtujp.- 


jve  the  t'TH'rgies  wliicli  we  1iav«  been  aceuSl 
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led  to  call 


it  iuduLitably  follows  tUnt  \ 
proximately  mecbanical  origio. 

Id  what  sense,  then,  is  the  bud  to  be  regardi^  an  tlio 
nrigiu  of  tile  eoerg;  derivable  from  plants  and  animalti  ? 
Let  ns  tiy  to  give  ao  iDtelligible  answer  to  this  queetion. 
WnttT  may  lie  nii«c<]  frum  t)ic  Hca-lcvol  to  a  high  etevatjog, 
and  tlieo  permitted  to  deui^w).  In  dcKicnding  it  may  b« 
made  to  aastune  various  forms — to  tall  in  cascades,  to  spurt 
infouDtainf,  to  boil  in  eddies,  or  to  flow  tranquilly  along  a 
uniform  l>cd.  It  may,  moreover,  be  cansed  to  set  complex 
oachtntiTy  in  motion,  to  turn  millatonrc,  throw  xtiultli'*, 
work  raws  and  hammers,  and  drive  piles.  Rut  everj  farm 
of  power  here  indicated  would  he  derived  from  Uie  ori};inal 
power  expended  in  raising  tbo  water  to  the  height  from 
wbicrb  it  f<rU.  There  in  no  energy  gcneraied  by  the 
machinery ;  the  work  iM^rformed  by  the  water  in  do- 
seending  is  merely  the  parcelling  ont  and  dijrtribution  of 
the  work  expended  iu  raising  it.  In  pre«isely  this  s«nse 
u  all  the  eocrgy  of  planta  and  animals  the  parcelling  out 
and  diitribulion  of  a  power  originally  exerted  by  the  tun. 
Iu  the  caw  of  the  wat^-r,  the  aonrce  of  the  power  consists  in 
the  forcible  separation  of  a  quantity  of  the  liquid  from 
a  low  level  of  the  earth's  sarfoce,  and  its  eleration  to  a 
hi^^faor  poeition,  tlie  power  thus  expended  beiug  returned 
liy  the  water  in  ila  dc»oent.  In  tbo  case  of  vital  pheno> 
nii^ia,  the  source  of  power  consiiila  in  the  forcible  separa- 
tion of  the  atoms  of  compound  tiib«tance«  by  tlu;  sun.'  Wo 
name  the  force  which  draws  the  water  earthward  *  gravity,' 
and  that  which  draws  atoms  together  '  cbemical  affinity ;  * 
but  these  diffbront  names  must  not  mislead  us  regarding 
the  qualitative  identity  of  the  two  forces.  They  are 
both  atlntctiotu) ;  and,  to  the  intellect,  the  MUng  of  carbon 
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Btotna  ftgainet  oxygen  atoms  ia  not  moro  difficult  of 
eeption  than  thtt  fidliDg  of  water  to  the  eertli. 

The  buildiog  up  ot  th<;  vfvgetablc,  Uien,  it  kAo 
tlie  sun,  through  the  reduction  of  ebemtcal  com; 
Tbe  pbetmmena  of  animal  life  are  more  or  leee  oompllcat 
reveiBaU  of  tlteee  prooeaees  of  redaction.  We  eat  th« 
vegetable,  and  we  breathe  the  oxygen  of  tbe  air ;  and  io  our 
bodlM  the  oijgMi,  which  had  hoen  lifted  from  tbe  carbon 
and  hydrogen  by  the  action  of  tho  Eun,  again  falls  towaidi 
tbcm,  producing  nnimal  best  and  dovdopiog  animal  fornu. 
Through  the  most  complicated  phenomena  of  vitalitj  thii 
law  runs : — the  vegetable  is  produced  while  a  weight  riies, 
tbe  animal  is  prodneed  while  a  weight  fidls.  But  the  quM- 
tton  is  not  exhausted  here.  The  water  employed  to  our 
firct  iUustratioo  gunvratt'S  nil  tbe  motion  displayed  in  i|^l 
dcsct^t,  tilt  the /vrtn  of  the  motion  depends  on  Ui«  du^' 
tacter  of  the  iniuihinery  JiiteqMMd  in  the  path  of  the 
water.  In  a  dmilar  way^  the  primary  actlun  of  the  >ud'> 
rays  in  qualified  by  the  atoms  and  molecules  among  wkic^ 
their  energy  is  distjibutod.  Molecular  forces  detenmat 
the  form  whicli  tbe  solar  energy  will  assoms.  loUutepa- 
ration  of  the  c&rbon  and  oxygen  this  eneigy  may  bo  so  ece- 
ditioued  as  to  reaolt  in  one  case  in  the  formstioD  of  a 
cabbage,  and  in  another  case  in  the  formation  of  an  eitk. 
So  al«o,aR  regards  tbe  reunion  of  the  carbon  and  tbeo^pik 
tbe  molecular  inaebinety  through  which  the  oomluHlg 
energy  acts  may,  in  one  case,  weave  the  textun:  of  a  6ef 
while  in  another  it  may  weave  the  texture  of  a  man. 

Tho  matter  of  tbe  animal  body  is  that  of  iaoigin 
nature.  Tliure  is  no  substaDco  in  the  primal  tisoos  *b«k 
is  not  primarily  derived  from  the  rcclcs,  tho  watts,  od 
tbe  air.  Are  tbe  forces  of  organic  matter,  tlien,  difiiiaV 
in  kind  from  those  of  inoi^anic  matter  ?  The  phibowfA; 
of  tbe  present  day  negatives  the  qnestion.  It  ii  i^ 
compounding,  in  t1i«  organic  world,  of  foreea 
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|o&]lf  to  Ute  inoi^aiiic,  tlist  constitute  the  toyakery  aai 

<  miracle  of  vitaJitj.   Every  portion  of  ovcry  animal  Wly 

ay  be  reduced  Ut  purely  moi^nnic  matter.     A  pcrfcri  re- 

of  th!«  prooeas  of  reduction  would  carry  us  from  tJw 

nrgoaio  to  tbe  organic;  and  such  a  revcnal  ift  at  l«a«t 

noeivaUe.     Tbe  tendency,  indeed,  of  mo<!«ni  science  is 

break  down  tbe  wall  of  partition  between  organic  and 

grgonic,  and  to  reduce  botb  to  tbe  operation  of  forces 

ab  are  tbe  aame  in  kind,  btit  which  are  i-ariouxly  com- 

led. 

Consider  the  question  of  personal  identity,  in  relation 
to  that  of  molecular  form.  Twonty-aix  years  ago  Mayer, 
of  Heilbronn,  with  tbat  power  of  genius  which  breathes 
large  meanings  into  scanty  ^ti^pointnd  out  that  tbe  blood 
wn«  <  tlie  oil  of  the  lamp  of  life,'  the  combiiHtion  of  which, 
like  tliat  of  coal  in  g^rooscr  cases,  sustains  miiw»ilar  action. 
Tbe  muM!les  are  the  macbinery  by  which  the  dynamic 
power  of  tbe  Llood  is  brought  into  play.  Thus  tbe  blood 
iit  consumed.  But  tbe  whole  body,  though  mora  slowly 
than  the  blood,  wastes  also,  so  tliat  after  a  certain  number 
of  yr«int  it  i*  entirely  renewed.  How  i«  (he  sense  of  per- 
gonal identity  maintained  actoss  tbia  flight  of  molecules? 
I'll  tuan,  as  we  know  him,  matter  is  necessary  to  conscious- 
oess ;  but  tb«  nmUcr  of  any  period  may  be  all  changed, 
while  consoiousueM  exhibits  no  solution  of  continuity. 
Like  clianging  sentineb,  tbe  oxygen,  hydrogen,  and  carbon 
that  depart,  seem  to  whisper  their  socrot  to  tbcir comrades 
that  arrive,  and  thus,  while  the  Non-ttgo  »liina,  the  Ego  re- 
. mains  intact-  Cotutancy  of  form  in  the  grouping  of  the 
^ulecules,  and  not  constancy  of  tbe  molecules  tb«mselvi,<s, 
tbe  correlative  of  this  constancy  of  pcroeption.  life 
is  a  wave  which  in  no  two  t-oitw^oulive  moments  of  its 
extitence  ia  ctHnposed  uf  the  same  particles. 

Supposing,  then,  tbe  rooloculca  of  tbe  human  body, 
of  replacing   others,  and  thus   renewing  a  pre- 
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exifltiDg  form,  to  be  gathei&d  Gret  band  &om  nature 
put  together  in  tlio  mudc  Tclative  positiuns  u  tboae  wiii'd 
tb«7  occupy  ill  the  body.     Suf^hxing  them  to  bftTe  the 
■el&anio  (brca  and  diittributioo  of  (brcca,  the  aelfisiDe 
motion*  and  diainbuticHi  of  motion* — irould  this  OTgBiDMd 
coQOouree   of  molecules  stand  before   us  a*   n   wn' ' 
thinldiig  being  t    Thoro  aeonn  no  valid  resson  lu 
tliat  it  irould  not.     Or,  supposing  n  planH  can'ed 
tbe  KUD,  Mt  spinning  round  an  uzi«,  und  revolving  touuI 
tht!   sun   at  a  distance  from  liim  equal  to  tlntt  of  ooi 
eartli,  would  one  of  the  consequences  of  iti   rdrigv 
tion  be  tlio  dovdopment  of  organic  fonns?    I  lean  to 
aOiimativo.     Structural  forces  aio  certainly  in  the  msi^ 
vhotbcr  or  not  those  forces  rcacli  to  the  extent  of  fanning 
u  plant  or  an  animal.     In  an  ainorpbous  drop  of  water  h' 
latent  all  tbc  marvels  of  erf statline  force ;  and  wbo  will 
(wttlimitti  to  tl)i>  possible  play  of  molcculce  In  a  co<ilis^ 
planet?  If  these  statemenla  startle,  it  is  bccaiue  n)&Il«t 
has  been  defined  and  maligned  by  pfailoaopben  and  the*- 
logioDfl,  who  were  equally  tmawaie  that  it  is,  at  bottom, 
vMcntiuUy  mystical  and  transcendental. 

Questions  such  as  Ihtste  derive  tl>eir  prvwnt  intnut  ifl 

great  part  from  their  audacity,  which  is  ture,  in  due  time, 

to  disappoar.    And  thp  tooner  the  public  drc«d  is  abolished 

with  ref^ncc  to'sucli  tpu-stioDs  the  bettor  for  the  aoK 

of  truth.    As  regards  knowledge,  physical  ecieooc  ia  poke 

In  one  senM  it  knows,  or  is  dntined  to  know,  ercrythtag. 

In  another  sense  it  knows  Dotliing.     Scienoo  andentandi 

much  of  this  intermediate  pbaae  of  things  tbal  we  aH 

nature,   of  which  it  is  the  prodiKt ;  but  scieuee  kwm 

nothing  of  tbo  origin  or  dotiiiy  of  nature.     Wbo  or  whs* 

Fmade  t]ie  ctm,  and  gave  bis  nys  Ibeir  allrged  pawn? 

[Mnio  or  what  made  and  bestowed  upon  the  ultimata  partt- 

'des  of  matter  their  wondrous  power  of  varied  iDterMAka? 

Science  doe*  not  know :  tbe  myitetr,  tbongb  pubcd  Imi, 
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TMiuins  unaltered.  To  many  of  lis  who  feel  that  there 
aie  more  thioga  in  heaven  and  earth  than  are  dreamt  of  in 
the  present  philosophy  of  science,  hut  who  have  been  also 
taoght,  b;  baffled  efforts,  how  vain  is  the  attempt  to 
gnpple  with  the  InBcmtable,  the  ultimate  frame  of  mind 
ia  that  of  Goethe : 

Who  (Una  to  Dams  H»  nuna, 

Or  belief  in  Him  praclun, 

Yeilad  in  mjBtaij  u  He  ii,  the  AU-entbldai  7 

Gleams  aeroaa  tlie  mind  Hii  light, 

Feela  the  liiled  aool  Hi*  might, 

Dara  it  than  dan  j  Hta  rngn,  tha  All-npholdar  t 


All  the  '  materialism '  of  the  '  Bel&st  Addreai '  Boems 
to  me  to  be  concentrated  in  this  somewhat  ancient  firag- 
mott     1875. 
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1873: 

rZ  EiUtor  of  the  'Conlemporaiy  Reriew'  it  \s 
enough  to  grant  mo  spaoc  for  some  remarks  apon  t 
subject,  >  former  rt^vrcnoc  to  whicb  has  bnnigbt  down 
upon  mn  a  conudcrable  &mouDL  of  anim&dvfnioD.' 
It  mny  bo  intereating  to  *ome  of  mj  rodert  if  I 
(it  A  few  cases  iUustntive  of  the  histoiy  of  th«  b 
tDiod,  in  reUtioQ  to  this  and  kindred  qneatians.  In  the 
fouiCh  century  tho  belief  in  Aotipodcs  ms  deemed  uo- 
Bcriptural  and  ber«t)c«L  Th« pious  Lactantiiu ms  asutgry 
vjth  the  peofde  who  held  this  notion  as  my  censan  are  now 
with  me,  and  quite  u  unsparing  in  hisdeonneiationaof  tbeir 
*  Monstrodtiee.'  I«etantius  was  irritated  becaofle,  in  bk 
mind,  by  education  and  habit,  cosmogooy  and  religioa 
vere  indiKfoliiliIy  astooiated,  and,  therefore,  nmultanraoily 
'  disturbed.  In  the  early  |i*rt  of  the  seventeentli  oratory 
tbo  notion  that  the  earth  was  fixed,  and  that  the  sun  and 
ftars  Tcvolrvd  round  it  daily,  was  interwoven  with  religiooi 
feeling,  the  scpaiatioD  then  attempted  by  Oalilco 
the  animosity  and  kisdlinj;  the  pcrwcutioo  of  the  Cb' 
Men  still  living  can  remember  the  indignadon 
by  tho  fini  reirclations  of  geology  regarding'  Uv  age 
the  earth,  the  association  between  chronology  and  retigioa 
being  for  the  time  indts»luble>    Is  our  day,  bowerrr,  Che 

*  I  ni  msJ*  a wi  of  Uib  by  lh>  e«ip»pBi  vliieb  toafcal  wt  ta 
SwittMlaad  Id  Jul;  ISTL 
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infonned  ttieologtons  are  prepared  U>  admit  Uiat  our 

^'^Mra  of  the  Uoiveree  and  ita  Author  are  not  toipairod, 
-t  improved,  b;  tbo  abaodonmeut  of  the  Mosaic  aoooimt 
tilt)  CreatloD.     Look,  finally,  at  th«  oxoitemeot  caused 

*y  tlic  puhlioBtion  of  llie  '  Origin  of  Spcdea;'  and  com- 
>%]re  it  vtth  the  calm  atteiidant  on  Lbe  appcannoo  of  Ui« 

^ir  more  outspokpn,  and,  from  the  old  point  of  vivw,  more 

^-xapioue, '  I><.'«i%at  of  Moo.' 

TboK  religion  stirvivvs  after  the  romoval  of  what  bad 
Men  long  coiuidcnHl  i-cfenliul  to  it.  In  our  <inj  the  Anti- 
^ee are  accepted ;  tlie  fixity  of  thci  earth  U  given  up; 
the  period  of  Creation  and  the  reputed  age  of  the  world 
an  alike  diraipatcd  ;  Evolution  is  looked  upon  without 
Corror,  and  other  cbangcs  have  occurred  in  the  same  diroo- 
Ijon  too  numeroui  to  bo  dw«U  upon  here.  In  faci,  from 
tba  eArlieet  times  to  tlie  present,  religion  has  been  undci^ 
goiog  a  process  of  purification,  freeing  it«elf  nlowljr  and 
pafnfuUy  from  the  physical  errors  which  the  active  hut 
uninformed  intellect  mingled  with  th«  aspirations  of  the 
BouL  Some  of  MS  think  that  a  final  act  of  purification  is 
nofldod,  while  otlicn  oppow  this  notion  with  the  confidonco 
mod  the  wurmtli  of  ancient  timni.  The  bono  of  cont^'n- 
tian  at  proaent  14  th»  ■phynieal  vtdue  of  prayer.  It  is  not 
u;  wish  to  excit«  surprise,  much  less  to  draw  forth  protest, 
by  the  employment  of  this  phrase  I  would  simply  ask 
any  intelligent  person  to  look  the  problem  honestly  In  the 
(kcei  and  then  to  say  whether,  in  the  e-stimation  of  the 
great  body  of  those  who  sinocroty  resort  (o  it,  prayer  does 
not,  at  all  events  upon  special  oocasioiu,  invoke  a  Power 
which  checks  and  augments  the  deaoe&t  of  rain,  which 
cbongea  the  foree  and  direction  of  winds,  which  aSects  the 
growth  of  com,  and  the  health  of  mon  and  cattle — a  Power, 
in  abort,  which,  when  appealed  to  under  pressing  circum- 
ttaacea,  produce*  tlio  prvci»>;  rITirctj*  caiued  by  physical 
floait^  in  tlte  ordinary  course  of  things.     To  anv  y^'"'^ 
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who  deals  SLOcercly  with  th*  nilgect,  and  refttfM  la  Unr 
hia  moral  v»iou  by  intclloGUal  mbtJetics,  Uiu.  I  think,  vQl 
appoar  a  true  Ktatcmenl  of  the  cane- 
It  i*  under  tliia  aspect  aloo«  that  the  sci«Dtifiaatadeat, 
so  far  83  I  represent  him,  has  any  wish  to  meddle  wttli 
pmjer.  Forcvd  upon  his  nttontion  as  a  funn  of  pbytinl 
enri^,  or  an  tlte  t^guivalent  of  fitch  tsnexgy,  he  cl&imn  t^^ 
right  of  subjecting  tt  to  thoee  metiioda  of  examisatioa 
from  which  all  our  present  knowled|;e  of  Um  ptiysieal 
unircreo  is  derived.  And  if  bis  rcsewchea  lead  bun  to  a 
conclusion  adverse  to  (tA  cl&ima — if  his  ea<iuiriea  liret  kim 
still  cloter  to  the  philosophy  implied  in  Ibe  wotd%  *  H« 
tnaketh  His  eun  to  shine  on  the  evi\  and  on  tbe  good. 
and  seodetb  rain  upon  the  just  and  apon  the  onjuit ' — bo 
contends  only  for  the  diitpUiecment  of  prayer,  oot  for  tU 
rxtinction.  llo  simply  sajs,  physical  natnre  is  nvi  iU 
I'-gitinuttfl  domain. 

This  concliiHion,  raoreoTcr,  must  be  baaod  on 
phydcul  evidence,  and  not  od  any  inherent  aoFewonail^' 
Decs  in  the  act  of  pmyer.  The  theory  that  the  qntsm  of 
nuturo  is  undor  Iho  control  of  a  Being  who  changea  pb^ 
nomeim  in  compliance  with  tbe  prayers  of  men,  )>,  in  tor 
opinion,  a  perfectly  le^timate  onew  It  may  of  ootme  W 
ronderod  futile  by  being  aasoeiated  with  eoDecpUoai 
which  contradict  it;  but  such  eonceptions  form  oa  vta»- 
Kiry  part  of  the  thooiy.  It  is  a  matter  of  experienee  that 
an  eaitbly  father,  who  is  at  tbe  same  time  both  wim  ml 
tender,  listens  to  the  reqoeets  of  bis  children,  and,  if  tbct 
do  not  aek  amiss,  takes  pleasure  in  granting  their  reqtMtfi. 
We  knonalsothat  this  compliance  extends  to  the  altentiM. 
within  oeitaia  limits,  of  tbe  current  of  erenbi  oo  outh. 
With  this  suggestion  offered  by  experieDoa,  it  u  oo  ^ 
parture  from  scivntific  method  to  pUee  bdilnd  aatoal 
phenomena  a  Universal  FUber,  who,  fat  answer  ta  tk 
prayer*  of  Ifis  children,  alten  tho  eunetiti  of  Ukm  plHii*- 
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IS.  Thui  hi  Theology  and  Science  go  hiuul  in  hand. 
ooDoeption  of  an  avther,  for  fizaniplft,  treinftlmg  with 
e  waves  of  ligbtt  is  auggeeted  by  tJie  ordinary  phenomena 
waTe-rootioQ  in  water  snd  in  aii;  and  in  like  maaiii^r 
coDcoptioD  of  personal  volition  in  nature  ia  sugpeeted  by 
onlinaiy  action  of  man  upon  earth.  J  therefore  arge  no 
ipoaaiiiilHies,  though  I  am  co&rtantlj  charged  with  doing 
I  do  not  even  urge  ineomistinicy,  biiL,  on  Utc  ooutnuj-, 
iklj  admit  that  the  theologian  hsa  as  good  a  right  to 
hiN  oonccpttoQ  at  the  root  of  phenomena  as  I  have  to 
mine. 
But  witliout  v«ri/Uation  b  theoretic  conception  is 
mere  figment  of  the  intellect,  and  I  am  lanj  to  find  u* 
portiog  company  at  tliia  point.  The  region  of  tlieoij, 
both  in  science  and  theology,  lies  behind  the  world  of 
lite  tcniNM,  but  the  verification  of  theory  occurs  in  the 
sensible  world.  To  chedc  t^t  theory  we  have  simply  to 
mpare  the  dixitictions  from  it  with  the  facts  of  observa- 
on.  If  Che  deductions  be  in  aecordaoce  with  tlio  &ictt>, 
wo  accept  the  theory :  if  in  opposition,  the  theory  is 
given  up.  A  single  experiment  is  frequently  devieed,  by 
wbieh  Uia  theory  must  stand  or  fall.  Of  this  character 
waa  the  detennioattoo  of  the  velocity  of  light  in  liquids, 
aa  a  crudvl  test  of  tho  Emit«ion  Theory.  According  to 
it,  light  travelled  Easter  in  water  than  in  air;  according 
to  the  Undulatory  Theory,  it  travelled  &*tor  in  air  than 
in  water.  An  experiment  ciiggcstod  by  Arago,  and  exe- 
cuted by  Kizeau  and  Foucault,  was  conclusive  against 
Newton's  theory. 

But,  while  science  cheerfully  submits  to  this  ordeot,  it 
seems  impossible  to  devise  a  mode  of  reriGcation  of  their 
theories  which  dou  not  arooM  resentment  in  theological 
minds.  Is  it  Uiat,  while  the  pleasure  of  the  scientific  man 
eulmiuat<-s  In  the  demonstrated  harmony  between  theory 
and  fact,  tbe  highest  pUoaure  o(  Uu  nUgtooa  man  haa 
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been  already  t«dt«<l  ia  the  rer;  net  o(  praying,  prior  lo 
Terification,  an;  ftirtber  eflori  in  iU»  dErcetton  being  a 
mere  disturbance  of  hi>  peaoo  ?  Or  is  it  that  ir«  ban 
before  ua  a  rasiduc  of  tbut  myRticism  of  the  middle  aget, 
so  admirably  dewribed  b;  Wbew«U — that  'pracUoe  of 
reforring  things  and  events  not  to  clear  and  diatinct 
notiooa,  not  to  general  ralea  capoUo  of  direct  Tcrificstion, 
bnt  to  notion*  vagiio,  distant,  and  vast,  which  vre  eannot 
bring  into  contact  with  &ct«;  as  when  we  oonncct  natund 
events  with  moral  and  historic  causes.*  'Thus,'  ho  con- 
tinues, '  the  character  of  mysticisra  is  that  it  refers  parti- 
culars, not  to  generalisations,  bomoj^coeous  and  imme- 
diate, but  to  such  as  ai«  hctcrogcDCous  and  remote ;  to 
which  we  must  add  tliat  the  prooett  of  this  reference  ti 
not  a  calm  act  of  the  intellect,  but  is  accompanied  with  • 
glow  of  eothoaiadtic  feeling.' 

Every  feature  here  depicted,  aud  some  more  questlen- 
able  ones,  have  shown  thonuclvcs  of  late ;  most  CMupi- 
cuouflly,  I  regret  to  say,  in  the  *  leaders'  of  a  weddl 
journal  of  considerable  influence,  and  one,  on 
grounds,  entitled  to  tko  respect  of  thoughtful  men.  In 
the  correspondence,  however,  published  by  the  miM 
journal,  are  to  be  found  two  or  three  letters  welt  calcu- 
lated to  correct  the  temporary  fligbtiness  of  the  joarval 
itself. 

It  is  not  my  balut  of  mind  to  think  otherwise  tbsn 
Holinnnly  of  tl»e  feeling  which  prompts  prayer.  It  is  s 
power  which  I  should  like  to  see  guided,  not  extis* 
pushed— devoted  to  practicable  otgects  instead  of  wwtMl_ 
upon  air.  In  some  form  or  other,  not  yet  evident, 
may,  as  alleged,  be  necessary  to  man's  highest  cult 
Certain  it  is  tbat,  while  I  rank  many  persona  wbo 
to  prayer  low  in  tho  scale  of  being— natural  fixiltshnev. 
bigotry,  and  intolemnee  being  in  their  case  {ntessiScd  I 
(he  notion  that  they  have  access  to  the  ear  of  God—  I : 
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^^rd  oUters  who  emploj  it,  an  forming  part  of  tli«  tut; 
cream  of  tbe  earth.  Tbe  faith  Utat  adds  to  t)i«  folly 
and  fvrocit^  of  tJ>o  one,  is  turned  to  enduring  sweet- 
sw,  boltQeM,  abounding  cbadt;,  and  sclf-sncrifioo  by  tbe 
otiier.  Ileligion,  in  (act,  raries  with  the  nature  upon  irhich 
it  (alia.  Often  unreaaonsble,  if  not  contemptible,  prayer, 
in  it«  puror  forms,  bints  at  diKipliDM  which  few  of  us  can 
n^lcct  witlioiit  moriil  Ion.  But  do  good  cud  come  of 
giving  it  a  deliuive  value,  by  claiming  for  it  a  power  in 
physical  nature.  It  may  strengthen  the  heart  to  meet 
life's  losses,  and  thus  indirectly  promote  physical  well- 
being,  as  tbe  digging  of  ^sop's  orchard  brought  a  trcoiuro 
of  fijrtility  grMit«r  tban  tlktr  golden  treasure  sought.  Such 
indirect  iciucfl  we  all  admit;  but  it  would  be  simply  dia- 
lioneBt  to  affirm  that  it  ia  such  icBues  that  are  always  in 
view.  Here,  for  the  present,  I  must  end.  1  ask  no  space 
to  reply  to  tho«e  roilora  who  make  such  free  wo  of  the 
terms  tnsolcnoe,  oulmge,  proEonity,  and  Uaspbemy. 
They  obvioutily  lack  tbe  sobriety  of  mind  neeeasary  to 
giv«  accuracy  to  their  statements,  or  to  render  tbeir 
charges  worthy  of  serious  refutation. 
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TIIE  BELFAST  ADDRESS 
1674. 

AN  irapulie  inherent  id  primeval  man  tunied 
tboogbU  and  queetioDiofFS  betiines  bnrudi  tbt' 
eoureea  of  natural  pbcnomcoa.  Tbc  nme  impulsft,  {iibctit<d 
pSnd  iDtoniiG«d,is  tli^  :tpur  or  scientific  actiao  to-day.  I>a(er 
inioed  b^  It,  by  a  proc«s3  of  abetractioo  from  e^wrienee  ve 
form  physical  theories  vhicb  lie  beyond  the  pale  of  expeii- 
eace,  but  which  satisfy  the  desire  of  the  mind  to  see  eroy 
Dtttund  occurrence  rotting  upon  &  cause.  In  fonntug 
ibeir  notionii  of  the  origin  of  thfngx,  oitr  earlieat  biatarie 
(and  doubtless,  wo  might  add,  our  prekidoric)  anooitjan 
pursued,  as  far  as  tbur  intelligence  permitted,  the  fame 
course.  Ihcy  also  fell  lack  upon  experienoe ;  but  with 
this  diflcr«-n«? — (Itat  the  particular  cxpmcnDes  which 
furnialicd  the  weft  and  woof  of  thMr  thoories  were  drawn, 
not  &om  the  study  of  nature,  but  from  what  lay  nock 
,  closer  to  them — tbe  observation  of  men.  Their  tbroria 
[accordingly  took  an  anthropomorphic  fonn.  To  n^«- 
!  oeosual  tieings,  which,  '  however  potent  and  iovisQ^, 
were  nothing  but  a  species  of  bimuo  ormturca,  peihap* 
raiscHl  from  among  mankind,  and  retaining-  all  hnnaa 
pulsions  and  appetites,''  n-cre  handed  over  tbo  ntle  ui 
governance  of  natural  pbenometiD. 

Tested    by  obserration    and    roflcctJon,  tbeae  eviy 
aotiooa  &iled  is  tiie  long  run  ta  aatisJy  the  mon 

<  HuRW,  ■  KkUinl  VMary  d  lUlijioa.' 
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ting  tnt«]l«d«  ot  our  nu%.  Far  Id  the  dcpMut  of  liis- 
we  fiod  men  of  exceptional  povor  difTcrentUting 
tbemselves  from  the  crowd,  lejecUiig  these  aoUiropo- 
morpbic  notiooR,  and  seeking  to  connect  natural  phcilo- 
tncxio.  Willi  tiu-JT  pli^jiicikl  priiicipli-v.  Btit,  long  jirinr  In 
these  porer  efibrta  of  Ihc  UDderstanding,  t}i«  inercluuit  had 
been  abroad,  and  rcudfred  tko  philosopher  possible 
ixifliRKrcc  hud  been  developed,  wvalth  amMrad,  leisure 
for  travel  and  speculatioD  secured,  while  raoeM  educated 
under  different  condilions,  and  therefore  differently  in- 
fonncd  and  endowed,  hail  been  sliniidatcd  and  sharpened 
by  mutual  contact.  In  those  regionH  where  tlte  cou- 
mereiai  aristocracy  of  ancient  Greece  mingled  with  it« 
eajtero  neighbours,  the  sciences  were  bom,  being  nur- 
tured and  dflTolopcd  by  frco-tfaiDking  and  courageous 
The  state  of  thing*  to  bo  ditplaeed  may  be  gathered 

ra  a  passage  of  Euripides  (Quoted  by  Hume.  '  There  is 
nothing  in  the  world ;  no  glory,  no  prosperity.  The  gods 
toss  all  into  confiuion ;  mix  everything  with  its  reverse, 
that  all  of  us,  from  our  ignorance  and  unccrtAinty,  may 
pay  tltem  the  more  worship  and  reverence.'  Now,  aa 
Boienoe  demands  the  radical  extirpation  of  caprice,  and  the 
abeolate  reliance  upon  taw  in  natiuo,  there  grew,  with  the 
growth  of  scientifie  notions,  a  dwire  and  determination  to 
sweep  from  the  6eM  of  theory  this  mob  of  god«  and  de- 
mons, and  to  plac«  natural  phenomena  on  a  txuti*  more 
eoDgnicnt  with  them«elvef. 

The  problem  wliicli  had  been  previi>uHly  appnmohed 
from  abore,  was  now  attacked  from  below ;  theoretic 
eSbit  pasMd  from  the  super-  to  the  sub-sensible.  It  was 
lit  thai  to  conttruct  the  nnivente  in  itloA,  it  was  necessary 
have  some  notion  of  ita  conntituent  parts— of  what 
ioa  subsequently  called  tho  'First  Beginniogs.' 
'Abstracting  again  from  experience,  the  leaders  of  scieDtifio 
,tion  reached  at  length  the  pregnant  doctxina  oC 
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atomi  and  mo1«ou]«ii,  the  latest  developmcDta  of  which 
•ct  forth  with  such  power  atid  cleaineBs  at  the  last  meeting 
of  the  British  Association.  Thought,  do  doubt,  bad  lung 
hoveied  about  this  doctrim  before  it  attaJocd  the  preo- 
■ioa  and  complvtcnen  which  it  awomed  is  the  miDd  of 
[DemooriUt*,'  a  phlloaopber  who  may  well  for  a  nonwDt 
^arrest  our  attention.  <  Few  great  men,'  rajs  Lange,  a 
non-^naterialist,  in  his  excellent '  lUstor;  of  Mataialtsm,' 
to  the  qririt  and  to  the  lettVr  of  which  I  am  eqaallf  in- 
debtvd,  *  ha\-c  Ixcn  m  dmpitcfulljr  lued  hy  histoi7  h, 
Deniocritus-  In  th«  diiitort«d  images  sent  dtrwn  to 
through  unscienlil^c  traditions,  Uiere  remains  of  him 
most  nothing  but  the  name  of  "the  laughing  philoMpho,' 
while  figures  of  immeasurably  smidlpr  ngntficanoe  sprad 
them»dves  out  at  full  length  before  ok.'  Lange  «pedca  «f 
Bacon's  high  apprcdation  of  Di^mocnt<u»~for  ample  iDnH 
trations  of  which  I  am  indebted  to  my  eioeDoit  friend 
Mr.  Spodding,  the  learned  editor  and  tnosrapher  of  Baeea. 
It  is  CTidoDt,  indeed,  that  Bacon  oomtidcred  Deroocritw 
to  be  a  man  of  weightier  metal  thaa  etlbsr  Phto  or 
Arirtotle,  though  their  philosophy  *  waa  noifad  nd  nW 
hratcd  in  tbe  sehools,  amid  the  din  aod  poop  of  pn> 
f  feasors.'  It  was  not  they,  but  Genseric  and  Attila  aod  ifaa 
[  burburians,  who  destnt^ed  the  atomic  philosophy.  '  For,  at 
A  time  when  all  human  Wming  had  suflfcrcd  shipwreck, 
these  planks  of  AriAotelian  and  Platonic  philosophy,  a* 
being  of  a  lighter  and  more  inflated  enbstanoo,  wen  pn- 
«or^-od  and  camo  down  to  as,  while  things  more  aolid  «ak 
^and  almost  pawed  into  oblivion.' 

The  eon  of  a  vcajLhy  father,  Demoorittin  dovotfd  tlw 
whole  of  his  inherited  fortune  to  the  ooltura  of  ^is  misl 
He  travelled  eveiywbere ;  riaited  Athens  when  Snoatft 
and    Plato  were  there,  Vut  quitted    the   oity  withsoe 
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g  hiinsalf  known.  Indeed,  tlie  dialeetin  strife  in 
:ch  Socnt«a  ao  much  deUght«d,  bad  no  cbarm  for 
itiiit,  who  bcild  that  *  (he  man  who  readily  rontra- 
aod  nses  many  wordH,  is  unfit  to  Icam  anything 
tight.'  Ue  IB  said  to  have  diseovored  and  fdticutod 
me  the  Sophist,  bcinf;  struck  as  much  bj  tb« 
uer  in  which  hr,  being  a  hcw^-r  of  wood,  tied  up  his 
<t«,  lu  by  the  sagacity  of  bi»  coavcraation.  Deroo- 
returned  poor  from  bis  travHln,  waa  supported  by 
brother,  and  at  leng^tb  wrote  bis  great  work  entitled 
io«,'  which  he  read  publicly  before  the  people  of 
tds  nativo  town.  He  was  honoured  by  bis  countrymen  in 
vsrioug  wayt),  and  died  Mrencly  ut  a  great  age. 
^^  The  princi]iles  enuneiated  by  Pcmocritus  rereal  his 
^^kom promising  antagonism  to  those  who  deduced  tho 
P^momona  of  nature  from  tJie  caprices  of  the  god*. 
They  arc  brie6ytbeK:  I.  From  nothing  coroe«  nothing. 
Nothing  that  exist*  can  be  dcstroyecl.  All  ohangoe  aro 
due  to  tho  combination  and  Reparation  of  molecule*.  2. 
Nothing  happens  by  chance :  every  occurrence  has  H$ 
cauae,  from  which  it  follows  by  neoestily.  3.  Tho  only 
existing  things  axe  the  atoms  and  empty  spaoe;  all  else  ia 
inere  opinion.  4.  The  atoms  are  in&nite  in  number,  and 
infinitely  various  in  form  ;  they  strike  together,  and  the 
lateral  motions  and  whirlings  which  thus  arise  are  the 
brgiunings  of  worlds.  5.  Tlie  Taricties  of  all  things  de- 
pend upoD  the  rariotiea  of  their  atoms,  in  number,  sIim, 
and  aggregation.  6.  Tho  sold  consists  of  6ne,  smooth, 
round  atoms,  like  those  of  fire  Theee  are  the  most 
mobilo  of  all :  they  interpenetrate  Uie  wholo  hody,  and 
in  their  motions  tho  phenomena  of  life  arise. 

The  first  five  propositions  are  a  fair  general  Htatemont 
of  thoatomio  pblloMpby,  as  now  held.  As  n>garis  the 
cixth,  Domocritus  made  his  finer  atoms  do  duty  for  tlio 
ous  system,  whose  funotiona  wero  then  vubViMwa,. 
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The  atoms  of  Oemocritua  are  iodiTidiuUl;  witbout  «cii» 
tion  i  Uiej  eombtno  in  obedience  to  meobanJcal-  Un :  itul 
not  only  urganic  fono*,  but  Ibo  phenomena  of  tfTtwtim 
'  tad  thought,  are  the  remit  of  IJtcir  combiDation. 

That  great  enigma,  *  the  exqiiiiuto  adaptatjoD  of  ok 
part  of  aa  o^^ism  to  another  part,  ami  to  tho  conditJooi 
of  lifv,'  more  ocpocially  the  constructiou  of  the  liiuoaii 
bodj,  Denvocritu*  made  no  attempt  to  eolve.  Empedodo, 
EoaQ  of  more  &i:tj  and  poetic  niituie,  introduced  liw 
'  notion  of  lore  and  hat«  amon^  tho  atoms,  to  account  for 
<hrir  combination  and  Bopaiatioo.  Noticing  this  gtf  in 
tlHt  doctrine  of  Domocritiui,  bo  struck  in  with  tite  puv 
trating  thought,  linked,  however,  with  some  wiM  fpccu* 
lation,  that  it  la;  in  tlie  ray  nature  of  those  oombuiatMiu 
which  were  !tiiit<>d  to  their  ends  (in  other  words,  in  hu>- 
niony  with  tboir  environment)  to  maintain  tlicmsetnt, 
while  uiiSt  combinations,  baring  no  proper  habitat,  moft 
^xapHlly  dinppt^r.  Thus,  nwre  than  2,000  yttm  ago,  tk 
.'doctrine  of  tliu  *  eurnvol  of  the  fittest,'  which  in  our  dij, 
not  on  tlte  bania  of  vague  conjecture,  but  of  poditire 
knowledge,  has  been  raised  to  such  i-xtraordiQarr  slgni- 
ficance,  had  receired  at  all  events  partiul  ennnciatioa.' 

Epictirus,'  said  to  be  the  son  of  a  poor  schoolmaster  >l 
Samofl,  h  the  next  dominant  6gtm  in  the  hLilorr  of  the 
atomic  philosophy.  He  mastered  the  writings  of  Dvci^ 
critus,  heard  lectures  to  Athens,  went  back  to  Samoa,  ud 
■ubeequently  wandered  throngh  various  coimtriee.  Hi- 
finallj  returned  to  Athens,  where  he  bought  a  garden,  itsi 
Hurrotmded  himself  b;  pupils,  in  the  tnidet  of  whom  hi 
lived  a  pure  and  fercuo  life,  and  died  a  peaecfid  death. 
Democritus  looked  to  tlic  soul  as  the  ennobling  part  «( 
man;  even  beauty,  without  un<Je»tanding,  partouk  of 
animalinn.    £picurus  also  rated  the  tpirit  above  tki 


I 


■  ■lAa^'l«A<diL.v-S3- 


*  Bo(B  »t3  kc 


THI  BELFAST  ADDRESS. 


477 


liady )  the  pleuare  of  the  Ixxlj-  hving  thjit  of  the  moincat, 
while  the  Rpirit  could  draw  upoo  the  future  and  tlie  past. 
His  philosophy  was  atmosl  identical  with  that  of  Dgido* 
critus;  but  he  nov«r  quot«d  cither  friend  or  foe.  One 
raoin  nlijcct  of  Epi<:iiru]t  vox  to  frv«  Uio  world  from  tupei^ 
HtiLion  and  the  feur  of  death.  Death  hv  treated  with 
iodiiTerence.  It  merely  robe  us  of  sensation.  Aa  lonf^  as 
we  are,  death  is  not;  and  when  death  is,  we  are  not. 
Life  has  do  more  eyil  for  him  who  has  made  up  his  mind 
that  it  is  no  evil  not  to  live.  He  adored  the  gods  ^t>t 
not  in  the  urdinarj'  iikshion.  The  idua  of  Divine  power, 
properly  piinlied,  he  thought  an  elevating  one.  fkill  he 
taught,  '  Nut  he  is  godless  who  rejects  the  gods  of  tlie 
crowd,  but  rather  he  who  accepts  them.'  The  gods  wore 
to  him  eternal  and  immortal  beings,  whoso  bleseedncGs 
ezcJudcd  orciy  thought  of  cara  or  occupation  of  any  kind. 
Ifature  pimues  her  cotirw  in  at'cordanee  with  cverlatting 
laws,  the  gods  never  intertering.     They  haunt 


Hm  1«od  int«nipao»  «f  world  soil  world 
m«r«  Mr«r  eroip*  •  claiid  or  morra  a  wiad. 
Kor  MW  bU*  llw  l«Mt  wbiU  iUr  of  ciiow, 
Kor  wrw  hmai  r«U  of  thandvr  dmdi, 
Vat  MQnd  of  bncia  aoRov  nounu  to  mai 
IMr  taeni  nrnliBling  calm.' 


■ 

I  Lange  considers  tJie  relation  of  Epicurus  to  the  gods 

I  eubjective ;  the  iadioation,  probably,  of  an  ethical  recpiire- 
ment  of  bis  own  nature.  Wo  cannot  read  history  with 
open  eyes,  or  ttiuly  human  nnture  to  it«  de]>th«,  ami  fail 
to  discern  sueh  a  requirement.  Man  never  has  been,  and 
he  never  will  be,  satisGed  witli  the  operations  and  products 
of  the  Understanding  alone;  hemce  phpical  tcicnoo  cannot 
cover  all  the  demands  of  bis  nature.  But  the  hitrtory  of 
the  cflbrta  made  to  satisfy  the%  demands  might  be 
broftdly  described   as  a  liistory  of  errors — tlie  error,  in 
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great  pArt,  con.iiiittiig  in  sscriUog  fixi^  to  that  wbicb  u 
fluent,  vrliieh  varies  as  we  V817,  being  gnu  wbenwa  an 
gross,  and  becoming,  as  oar  capacitief  widen,  mora 
abstract  and  sablimc.  On  ono  groat  point  the  mind  0/ 
Kpicunis  wu  at  peace.  He  aeith«r  lought  nor  cxpcctel, 
bere  or  hereafter,  any  personal  profit  from  hi»  relstiua 
to  the  gods.  And  it  is  assuredly  a  &cU  that  loftioees 
and  serenity  of  thought  may  bo  promoted  by  conceptiou 
which  involve  no  idM  of  profit  of  thif  kind.  *  Did  I 
believe,'  nid  a  great  man  '  to  me  oace,  *  that  an  I 
genoo  b  at  th«  bt^art  of  things,  my  life  00  earth  would 
intolerable.*  llie  utterer  of  these  words  is  not,  in 
opinion,  rendered  Iras  but  more  noble  t^  the  bet,  tliot 
it  wns  the  need  of  ethical  harmony  here,  and  not  tlie 
tliought  of  pcnonal  profit  hcrmfWr,  Ibnt  prompted 
observation. 

There    are    pt^rson*,   not    bdonging  to   tbo  faighi 
intellectnal  zcme,  nor  yet  to  the  lowest,  lo  whom 
clearness  of  exposition  suggests  want  of  depth.    Tb' 
find  comfort  and  ediUcation  in  an  abstract  aod 
phraseology.     To  such  people  Epicurus,  who  spared  m' 
pains  to  rid  his  style  of  cvoiy  tnoc  of  baxe  aod  tm* 
bidity,  appeared,  on  this  very  account,  superficial. 
Imd,   however,   a   disciple  who   thought  it  no  unwoil 
occupation  to  spend  his  days  and  nights  in  Uie  eSVxt 
reach  the  cleamess  of  his  muster,  and  to  whom  the  Greek 
philosopher   is  mainly   indebted   for  the   cxtensiaa  and 
perpetuation  of  his  fame.     Some  two  centuriee  after  tbc 
death  of  Epicurus,  Lucretius*  wrote  bis  great  poem, 
tlie  Mature  of  Things,'  in  which  he,  a  Roinaa,  dev 
with  estnordlnaiy  ardour  the  philosophy  of  bU 
predecessor.     He  wi«bes  to  win  over  his  friend  iSaoBUt 
to  the  school  of  Epieunis ;  and  although  ho  b»  no  renrii 


1 

BCk 

md 
ter  ths. 


>  Cwlil«. 


•  amMae 


TUB  OBLF.^ST  AODREK. 


476 


at'ii*  life  to  offer,  althoU|Kh  liia  object  appears  to  be 
ely  negative  ono,  ha  addiesaos  hia  friend  with  the 
of  iin  npocUe.  His  object,  like  tltat  of  liis  gT<>nt 
iiiiu<ir,  U  tbe  dettriicttnn  of  ^iperstition ;  and  con- 
ing (hat  men  is  his  day  trembled  before  evnry 
■I  cvi^t  08  a  direct  monition  from  the  gods,  and  that 
rcHasting  torture  wtu  also  in  pnHipcct,  the  freedom 
at  by  Liicr«(iiu  mi^it  lie  doomed  a  po«itiv«  good, 
terror,'  be  says,  '  and  darkness  of  mind,  must  bo 
efled,  not  by  the  rays  of  tbe  sun  and  fluttering  shafts 
|day,  btit  by  tln^  aspect  and  tko  law  of  nature.'  Ho  le- 
I  th«  notion  that  aiiytliiiig  can  coino  out  of  nothinir, 
what  ifl  onoe  begotten  can  be  recalled  to  DOthing. 
firfrt  beginnings,  the  atoms,  are  indestnictible,  and 
I  tbem  all  things  can  be  resolved  at  lasU  Bodies  are 
atoms  and  partly  combinations  of  atoms ;  but  tho 
nma  nothing  can  f^uench.  Thny  are  «troi>g  in  solid 
|fl«ness,  and,  by  their  denser  combination,  all  Uilngs 
be  closely  packed  and  exhibit  enduring  strength. 
I  denies  that  matter  is  infinitely  diviaiblo.  Vr'v  como 
f  length  to  the  atoms,  without  which,  ai  an  imperishablo 
nbstmtum,  all  order  in  tlie  generation  and  developmeot 
'  things  would  be  destroyed. 
Tho  mutilianical  shock  of  the  atoms  Ixitng,  in  his  view, 
the  all-suffid«»)t  cause  of  things,  he  combatd  tlw  notion 
that  the  constitution  of  natore  baa  been  in  any  way  de- 
termined hy  intelligent  dmign.  The  interaction  of  the 
atoms  throtighoiit  infinit«  time  raidcrctl  all  manner  of 
uotubiuatious  pomible.  Of  theae,  tbe  6t  ones  persist«d, 
while  the  unlit  ones  disappeared.  Not  after  sago  delibera- 
tion did  tbo  aloBu  Mtation  Uienutelves  in  their  right 
pUees,  nor  did  Utey  bargain  what  motions  they  should 
aaaiime.  t*rom  all  eternity  they  have  been  driron  together, 
and,  after  trying  motions  and  unions  of  every  kind,  they 
Qgth  into  tbe  arrangements  oul  of  '«\i\Ovi  >\^ 
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evEtem  of  tbingt  has  been  evolved.     '  If  you  will  m 
b«iid  kik)  kMp  in  iniRd  tbeoe  things,  Katore,  Cree  At 
nod  rid  of  her  haughty  lords,  U  seen  to  do  all 
Rpontaneously  of  hrrtclf,  without  th«   TDcddliag  of 
gods.*' 

To  innrt  the  ohje«tion  that  fata  atoma  cannot  be 
Luerctius  describes  a  violent  rtonn,  and  abovs  that 
inviriblo  particles  of  air  act  in  th«  Huno  way  as  the  ndbk 
pnrticIiM  of  water.  We  pereeiTO,  raareov«r,  tli«  dtflnnt 
Kuirlls  uf  tiling,  yet  never  sen  (hem  coming  tu  our  noftnli. 
Agun,  clotbea  hung  ap  on  a  shore,  which  waved  break 
upon,  heoomo  moist,  and  then  get  dry  if  spread  oat  in  the 
t;uD,  UiAiigh  00  eye  on  mo  either  the  approach  or  the 
eaoape  of  the  waler-partidea.  A  ring,  worn  long  nn 
fiiiger,  becomes  thinner;  a  water-drop  hollmn  ool 
stone ;  the  plougbahaxe  a  nibbed  away  in  the  field ;  t. 
Etrpct-pavcment  is  worn  by  the  feet ;  but  the  particta 
tJiat  disappear  at  any  moment  we  cannot  see.  Nalore 
acta  thrwigh  invi«ililv  parlidcti.  Tliat  Lueretiits  bod  a 
Mrcing  seientifie  imagination  tlw  foregoing  iHemKM 
provtf.  A  fine  illustration  of  his  power,  in  this  mpeet,  it 
hij  explanation  of  the  apparent  rest  of  bodi«  wbodeatonf 
are  in  motion.  Ho  employs  the  image  of  a  flock  of  shMp 
with  nkipping  laml>«,  which,  seen  from  a  diftanoe^  |«»- 
sentB  simply  a  white  pntch  upon  tlie  green  hill,  the  jnap- 
ing  of  the  individual  Jamba  bong  quite  Invisible. 

His  vaguely  grand  conception  of  tfae  atoms  UUnf 
eternally  tliroiigli  sinoe,  aitgg^sted  the  nebular  hypiMhBa* 
to  Kant,  its  &nt  propoundcr.  Pur  beyond  the  lindis  »f 
oiir  visible  world  are  to  bit  fouud  atouv  inntnoefahif, 
which   liavo  Dover  been  united  to  fuim  Lodica,  or  viM, 

■  UiuiroV  ttamblMa.  In  bis  cHtidm  of  Otu  vsck  ('  I^hm;  — ir» 
Rannr.'  ISCT)  Dr.  Unjmta  iem  not  appnT  to  t«  avsr*  at  ti»  r^fj 
K«iK]«iKliaUitei)b«mdaoa  Ml  which  th»  hiumbI^^  at  Jjtnwlii^  ifc"^ 
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if  Qooe  united,  have  be<^n  again  dispersed— falling  silently 
tfarou^  immeaMinible  intervals  of  time  snd  space,  A» 
eroiywherc  throughout  the  All  the  euitc  conditioDx  uro 
repcktodjSn  miuit  thf.  i>l)t!n'iiiien.i  be  ro[)eatc(t  nim.  Abnvn 
na,  below  us,  bcaicle  us,  thorefore,  are  votld^  without  end; 
and  tlds,  wbon  oonaidered,  must  dissipate  eveiy  thought 
deBection  of  the  univcreo  by  the  gods.  The  worlds 
snd  go,  attracting  new  atoms  out  of  liinitlesi  gpaoo, 
i«p>'-ntine  tlicir  own  {Kirticle*.  TIio  mpubod  <l«ath  of 
ttfUiis,  wliiL'h  fonus  the  basia  of  Mr.  Tennymn'e  noble 
itn,  is  in  strict  accordance  with  bis  philosophy,  which 
was  severe  and  pore. 

Still  earlier  tluin  these  thrcM)  pbiloaophcrs,  and  during 
tlio  ccoituniM  hvtwpoo  tho  Sr»t  of  thirtn  nud  the  la^t,  the 
human  intidlect  was  aotive  iu  otJiur  fi<-\ii«  Uiiin  theirs. 
Pythag^ra8  liad  founded  a  Bchoo)  of  mnthi!m;itic«,  and 
made  bis  experiments  on  the  barraoiiio  int^Tvalti.  The 
Sophista  had  run  tbroiigh  their  career.  At  Athens  bad 
^^hieaTDd  Socrates,  Pinto,  and  Aristotle,  who  niinod  the 
VRphUlo,  and  whoxe  yoke  rcnuiini)  to  tiomv  extent  uDl>r(ikim 
Iu  tJic  proM4)t  hour.  WiUiin  Ihiit  period  alio  the  School 
uf  Alexandria  was  founded,  Euclid  wrot«  bis  '  Elements ' 
and  made  somo  advance  in  optics.  Archimedes  bad  pro- 
jHiiinilod  the  theory  of  the  lever,  and  the  priociplea  of 
bydnmtutics.  Astronomy  was  immeuE^-ly  cnrichod  by  the 
dtscovcHi-s  of  HippaxchuR,  who  wa«  followed  by  tho  his- 
torically more  vuli-bratud  I'toleruy.  Anatomy  liud  been 
made  the  basis  of  scientific  medicine ;  and  it  is  said  by 
Draper '  that  vivisection  had  begun.  In  (ncti  the  science 
of  ancient  Grveco  bad  already  cleared  the  wond  of  (he 
fsDtairtio  images  of  divinities  operating  capriciously 
tbrudfj^h  natural  phenomena.  It  had  shaken  itself  rre« 
&x>m  that  fruitless  tcnitiny  '  by  tbo  iotomal  li^ht  of  the 
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mind  alone,'  which  hnil  nial;  »niig1it  to  timiuomd  n- 
perieoce,  uid  to  reaoh  a  knowled};*!  of  ultiroate  ckuM^H 
Iiutead  of  accidental  observation.it  had  introduoed  obH^H 
mlion  irith  a  purpose ;  inatnuneute  were  employed  to  atd 
the  Benses;  and  Ecicntific  method  waa  reodeced  m  s  gmt 
meaauie  oomploto  b/  tho  union  of  iDducUoo  aod 
nwot. 

What,  then,  stopped  its  \iet*iiiou«  advance? 
wac  the  itcieQUfic  intellect  compelled,  like  an  exhav 
soil,  to  lie  fallow  for  aearl;  two  nullenoiunu,  boEore  it  < 
ii>gather  the  clemonts  neceecaiT  to  iu  fertilitj 
8tT<>n)^?  Bacon  luu  already  let  at  know  uno  caivpi' 
^^'bvwl!ll  awribcd  thi«  ttalionary  period  to  four  cauK*— 
(ilwcurily  of  thought,  aerviUty,  intoleran<.-e  of  dispontkio, 
enthusiasm  i>f  temper ;  and  he  gires  striking  examples  of 
each.'  But  these  charactoristies  must  bafe  had  tbdr 
aoteoedcuta  in  tbo  circumstancee  of  the  time.  Ronr, 
and  tho  other  cities  cf  the  Empire,  had  fallen  into  moni 
putnifactJon.  Christianity  lind  appeared,  oSrriug  the  K°^^ 
to  the  poor,  and,  by  mod«ratiun,  if  not  asceticiwn  of  life, 
practically  protvstin^  againM.  Uie  profligacy  of  iba  a^ 
Tlte  auffeiings  of  the  eaily  Chrifftiaaa,  and  tbe  extiaotdinsi} 
exaltation  of  mind  vhicb  enabled  them  to  triumiA  orcr 
tlio  diabolical  tortures  tu  which  thvy  ware  sobjecled.' 
luuHl  hare  left  trac«s  not  easily  efftuMd.  Tbey  weanM 
the  earth,  in  view  of  that  '  building  of  God,  that  iatm 
not  made  with  bands,  eternal  in  the  heavens,'  TV 
Scriptures  which  mini«t«red  to  their  spiritual  needs  mtn 
also  the  nwMUTe  of  their  Science.  Wbrn,  for  examplr. 
the  oelcbntlcd  question  of  Antipodes  came  to  be  discnvrd. 
the  Bible  was  with  many  the  ulliuale  court  of  apfoL 
Augustine,  who  flourished  a.i>.  400,  would  not  deny  tke 
rotundity  of  tbc  earth  ;  but  tie  would  deny  the  pMsiUr 

■  '  tGttarj  atthm  InJocttn  Selotieta,'  toL  L 
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esuu^nce  of  inbabiUuts  at  tko  oUier  tide,  *  bocatuo  do 
■ucb  race  is  reconl«d  iu  Scri^ttife  amoDg  tbc  (Iii»cvu<liiuU 
of  Adam.'  Archbishop  Bonifaoe  was  nbocked  at  tins  »»• 
stunption  of  a  *  world  of  human  beingn  out  of  tbe  reach  of 
the  means  of  calvation.'  Thus  rei&ed  in,  f^icooe  was 
(tot  liic<.--ly  to  make  much  progress.  Later  on,  tbe  political 
knd  tliixi logical  vtrifu  Iwtwvca  tbo  Chorch  and  civil 
governmeat^,  so  powtafully  depicted  by  Draper,  munt 
have  done  much  to  stifle  iavcattgation. 

Whewell  makes  mauy  wise  and  brave  remarks  re- 
garding the  spirit  of  the  Middle  Ages.  It  was  a  menial 
spirit.  Tbo  seekers  after  natural  knowledge  had  forsaken 
Uiat  fountain  of  living  waters,  tbo  direct  appeal  to  nature 
hy  otiaervatjuii  and  experiment,  aud  given  thcmsi'Ivcti 
up  to  tbe  remanipulation  of  the  notions  of  tUeir  prodoces- 
aors.  It  was  a  time  when  thought  had  become  abject, and 
when  the  acceptance  of  mere  authority  led,  aa  it  alvajs 
does  io  science,  to  intellectual  death.  Natural  events, 
iDstoad  of  being  traced  to  phvaical,  were  referred  to 
mural,  calling* ;  while  'an  exercise'  of  the  pliantasy,  almost 
as  degrading  as  the  spiritnnliim  of  the  prcMnl  day,  took 
Uie  place  of  scientilic  speoulatiuii.  Then  came  the  mysti- 
cism of  the  &lid<Ile  Ages,  Magic,  Alcttemy,  tbe  Neo- 
platonic  philosophy,  with  its  vi&iosory  though  sublime 
abstractions,  which  wtwd  men  te  look  with  shame  upon 
tlieir  own  bodies,  as  hiodranoes  to  the  absorption  of  the 
creature  in  the  blenedneea  of  the  Creator.  Finally  came 
the  Scholastic  philosophy,  a  fiuiou,  nceordiag  to  Lange, 
of  LIm  least  mature  notions  of  Ari^otle  with  the  Chtbtl- 
■nily  of  the  west.  Intclkctual  immobility  was  tlw  result. 
Aj  a  traveller  without  a  compass  in  a  fog  may  wander 
loug,  imagining  be  is  making  way,  and  find  bim«elf  aflor 
hours  of  ttal  at  bis  storting-point,  so  the  schootmea, 
having  '  tiwl  and  untied  the  same  knots,  and  formed  aod 
M 
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lllnipated  tho  Bomo  doud«,'  found  tlM>ni»oUc«  at  Um  i 
of  centuries  in  their  old  pontloD. 

With  rcgnrd  to  tlia  Influence  irielded  b;  AriitoUe  i 
Ibo  Middle  Agea,  and  vhich,  to  &  lesa  extent,  be 
wields,  I  would  a^k  permtwioD  to  make  one 
Wfaen  tko  human  miud  has  achieved  grcstoess  and  giT 
evidonoe  of  vxtraordinu;  power  in  one  donuin,  them : 
tcndcDcj'  t»  credit  it  with  simQar  power  in  ftH 
dORiaiuH.  Thus  tbcult^fiaot  have  found  comfurt  and  < 
(uranoe  in  the  thought  that  Newton  dealt  with  tbe  que^ 
tion  of  revelation—forfjetful  of  the  fact,  that  the  nay 
devotion  of  his  powers,  through  all  the  Lest  yean  ot  tat 
life,  to  a  totally  different  class  of  ideas,  not  to  cpeak  el 
itny  natural  (ii«iu:ilificatiua,  tended  to  render  him  kv* 
instead  of  more,  oompetent  to  deal  with  thcok^ical  asd 
hintorie  (juestiona.  Goethe,  ftartJng  from  his  catabtiditd 
grcatnesa  as  a  poet,  and  indeed  from  hiir  pa«itire 
coveriee  tn  Natural  Iliiitorr,  produced  a  profotuid  imf 
sion  among  the  painters  of  Gemiaoy,  wb«&  be  put 
his  '  Furbcniehre,'  in  which  he  endearoured  to  orerthro* 
Xrwtoa's  theory  of  colours.  This  theory  he  deemed  m 
obviously  absurd,  that  he  oonsidcKd  its  author  a  cbarlataat 
and  attacked  him  with  &  oorrespondiDfc  vfibemeso*  at 
hiogunge.  In  th«  domain  of  natural  history  Ooetbe  bid 
made  really  coMtiderabla  discoveries ;  and  w»  hara  tdgk 
autliority  for  aKtumlng  that,  hiul  he  devoted  hiaiMif 
wholly  to  that  side  of  Boic&ce,  he  might  have  nndinl,  ia 
it,  tat  emioeoce  comparable  with  that  he  attained  af  > 
poet.  Id  sharpness  of  observation,  in  the  de4«etioB  ■< 
anologiM  apparently  remote,  in  tho  claari&catloit  and 
organisation  of  fact^  according  to  the  analogies  duooaad, 
Goethe  possessed  extraonlinary  powers.  TlnMi  «leiBtat> 
of  scientific  enquiry  fall  in  with  the  v      '   '  r  i^ 

poc'L     But,  on  the  other  hand,  a  mic 
dowed  ia  ilt«  d^icc^^ob  «C  oatund  hirtoiy,  may  be 
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of  endowment  aa  regiardi  tlie  more  stHetly  call^ 

iifaical  and  mechamcat   ecienccs.     Goctlie   iras  in  tiii* 

aditioD.     He  could  not  fonnulate  dUtinet  mecfaftnical 

nccptioDs :  ho  coitld  not  h-o  the  force  of  mechanical 

oning ;  and,  in  n^on*  whore  «uch  rcsaoninc  rei^s 

Mne,  he  became  a  mere  t^ni«  fatuut  to  tho«c  who 

bllowed  him. 

I  have  flometimea  permitted  mirM-lf  to  iMinpam 
Aristotle  with  Gootbe — to  credit  the  Stagirite  with  an 
almost  superhuman  power  of  amafisiti^  and  sjBt«matJ3in|; 
facts,  but  to  oonsidur  him  futnlly  doft-ctivo  on  that  nde  of 
thf  mind,  in  respect  to  which  invomplcti'nttw  ha*  been  just 
Aftcribed  to  Govthe.  Whewell  refers  the  ernit^  of  Ari^l^tlc 
not  to  a  neglect  of  facta,  but  to  <a  neglect  of  the  idea 
lipprtipnate  to  the  facts ;  the  idea  of  Mocbanical  cauae, 
which  ia  F«rce,  and  the  mhetitution  of  raj^ue  or  inap- 
plicable DotinnK,  inrulvtng  only  rehitioa«  of  space  or 
uini'tiun*  of  vrondrr.'  Tliis  is  doiibtlew  tnic;  but  tho 
won)  *  negU-et  *  implies  mere  Intellectual  mLfdirection, 
whereas  in  Arifitolle,  as  in  Goctltc,  it  was  not,  I  belieee, 
misdiffction,  but  fUcxt  natural  incnpacitj  which  luj  at 
tho  root  of  his  miKlnke*.  Ah  a  pli}-:(icist,  Arixltrtle  dii- 
plikvul  wliiit  we  ahotild  consider  some  of  the  worst  aU 
tributes  uf  a  modero  physical  investigator — indiitinctneea 
of  idead,  confusion  of  mind,  and  a  confident  use  of 
Inof^oage  which  lod  to  the  delusive  notion  that  he  bad 
irally  mattered  hi«  subject,  while  lio  liad,  a*  vrt,  failed  to 
grasp  evrn  the  elements  of  it.  He  put  words  in  the 
phiee  f>f  thing*,  subject  in  the  place  of  objrct.  Ho  preached 
Indiii'ti-m  without  practising  it,  inverting  tlic  true  ordi-r 
of  enf|uiry,  hj  passing  from  the  general  to  the  partiotitar, 
'■  \i\  of  fitim  tho  particular  to  the  general.  He  made 
11'  imivrrw  a  rloR-d  sphere,  in  the  c4-ntro  of  which  he 
fixed  the  mrth,  proving  &om  ganoml  principles,  to  h\» 
own  mtlo&etian  and  to  that  of  the  world  for  near  S,00f> 
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:  jeart,  tliat  do  oUm>t  uoivene  was  potdblo.  Ui«  ai 
of  tootion  iTcre  eatirel;  tmpbyncal.  It  wm  aatonl  %ar' 
unaatura],  better  or  vorAs  calm  or  violent— do  real  me- 
chanical conception  rcs«rding  it  lying  at  tbe  boUom  or 
Ilia  mind.  Hit  iifBnm-d  that  a  vaciinm  rould  not  exut, 
and  proved  that  if  it  did  motion  in  it  would  be  im- 
posuble.  He  det^muDe^l  d  ftrioTi  how  many  specK*  of 
uuimald  must  oii»t,  and  Ehows  un  gcnrnil  priaciplrt  whj 
aDimaU  miut  haro  such  anil  audi  pajl^  When  an 
vminvnt  contemporary  pbilaMpher,  who  is  fu  remond 
from  eiToni  of  thli  kind,  remembers  these  abuses  of  tbe 
h  priori  method,  he  will  be  able  to  make  allowuice  for 
tlic  jealousy  of  physicists  as  to  the  acc«p(nnc«  of  so-oalled 
a  priori  truths.  Aii»totlc'«  errors  of  detail,  a*  shown  lit 
Eiickcn  and  Langv,  were  (rrave  and  numcroui. 
uflSnn«d  thut  only  in  man  wo  hod  the  beating  of 
heart,  that  tlio  \ttt  aide  of  tliu  body  wiu  colder  thaa 
the  right,  that  men  have  mon--  teeth  than  womoti 
that  there  is  an  empty  q>a«e  at  tbe  back  of  6nxj  nma'* 
licad. 

llierc  is  one  essential  quality  in  physhal  concopti 

wliidi  was  vntirely  wanting  iii  tliocw  nf  AiivtnUc  and 

fi>llowenL     I  wish  tt  could  be  ezpreMcd  by  a  word  ia- 

tainted  by  it«  aasociat  ions ;  it  Bigoifica  a  capability  ^ 

^being  placed  as  a  oobweat  pictiu^  before  tbe  mind.    TV 

Germans   cxprosa    tbo   act    of  picturing   by    tbe   wvri 

I  voi-«tof/cn,  and  tbe  piduri!  th«y  call  a  VonteUung.    Wt 

"liavo  no  word  in  English  which  Domes  nearer  to  our  n- 

(|uiremeDts  than  ImofftncUion ;  and,  taken  with  ita  profr: 

limiUtiottf,  the  word  answers  very  w>dL     But,  as  jvtt  in- 

timaLcd,  it  is  tainted  by  ittt  ajiwirliitiuns,  and  ibncJan 

ubjcctionalUe  to  some  minds.     Compaip,  with  irfeian' 

to  this  capacity  of  mental  pit      '  ''    >.  the  cue  of  tW 

Ariitotcliun,  who  refers  t)M>  o*V'  jUsx  in  a  ponpu 

A'aturc**  aVA>on«iKft  kX  a  vacuum,  wilb  that  of  Vwi 
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wlien  lie  propofMl  to  lolvo  tlnj  question  of  atmo?pherio 
prMBoie  hj  the  ascent  of  tlta  Puy  dc  Dome.  In  tbe  ono 
case  tli«  terms  of  the  explaiuition  refiiiio  to  fall  into  pUco 
xs  a  pliyaic-Al  inuige ;  to  tlte  other  the  imagti  is  dirtiuct,  th« 
dcvoiitt  and  rise  of  the  Laromet«r  being  clearly  figurd  m' 
tlw  balancing  of  two  varying  and  opposing  preaauree. 
During  tbe  drooglil  of  Uic  Middle  Ages  in  Christon- 
m,  tbe  Arabian  int^llt^ct,  as  forcibly  shuwD  by  Diaper, 
activ-e.  With  the  iDtruaiun  of  the  Moor*  into  Spain>  \ 
\er,  IcarruDg,  and  refinemoDt  took  tlie  place  of  their 
site*.  When  smitten  with  disease,  the  Christian 
t  Tocortei)  to  a  shrinks  tlio  Moorish  ono  to  an  in- 
;ed  pbyaioian.  Tlw  Arab*  encouraged  transtlatioiiH 
am  iJie  (ireek  pliiloaopbers,  but  not  &ou  the  Greek 
Tbey  turned  in  disgust '  from  the  lewdaeBS  of  our 
seal  mythology,  and  denounced  mis  an  unpardonable , 
hemy  all  coiinoctiim  between  tlio  imjiurp  Otympiaa 
and  t]ie  >Ioat  High  God.'  Draper  trace*  et  ill  farther 
luin  WheniJl  the  Arab  elementa  in  our  scientiGc  terms,  : 
id  points  out  that  iha  under  garnieDt  of  ladies  retainj 
this  hour  its  Arab  name.  Ho  gi\'es  examples  of  what 
rahian  men  of  coic-Hco  kceompli»hod,  dwelling  ]»rlicu- 
rly  on  AUiiizoii,  who  was  the  fint  to  correct  the  Platonic 
on  that  rays  of  light  are  emitted  by  tlte  eye.  Albazvn 
ivered  ntmoiipberic  ro fraction,  and  showed  that  we  sea 
10  sun  and  the  moon  at'tor  tbry  hare  aeL  He  explained 
enlargement  of  tlio  sun  and  moon,  and  the  sboiieuing 
of  the  vertical  diiimrt^-rx  of  both  th«M  bodies  when  near 
ttic  horiicnn.  Ht!  wa*  aware  that  the  atouMiplidre  decrease* 
In  deiwitj  with  increase  of  elevattoa,  and  actually  fiied 
Iteiyht  at  fiBJ  miles.  In  tb«  'Book  of  the  Balance 
isdom,'  be  sets  forth  the  connection  between  tlie  winghl 
of  the  ntmosphcrc  and  its  increasing  density.  He  shows 
ist  n  bixly  will  wci^h  dtOercntlyin  a  rare  and  dense 
lOSpbcre,  and  he  considers  the  furoo  with  which  plonged 
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bodies  rise  throujjfa  heavier  media.     He  tntdcntood  tb* 
tdoctrioo  of  the  Dcntra  of  ^raiity,  and  appli^l  it  to  tb« 

ivoetigation  of  lialsBccs  and  stefj^aids.     Hk 
gravity   w  «  force,  tbouf;h   ho  fell   into   the   error 
king   it   diminish    eimpl;    u  llio  di^iance,    and 

laking   it    purely  terrcstriftl.     Ho    kn«w    the   rr] 
bclwecn  Ihp  velocities,  «pacc^  and  time*  of  falling  bodi< 
»andhaddi.«t)iicl  idi-as of i^pillary attraction.    He  iin|>ro%'i 
'the  hydrometer.     The  detemunaUons  of  the  dendtiea 
bodies,  BS  given  by  Albozeo,  a;^roach  yery  closely  to 
own.    •  I  join,'  says  Draper,  in  the  piouji  prayer  of  AI 
'thalintiio  day  of  judgment  the  AlUMcrcifiil  trill  tal 
pity  on  Uie  cool  of  Abur-Raih&n,  becauite  h«  waa  the 
of  the  race  of  men  to  construct  a  table  of  speoilic  gnri- 
ties.'     If  all  tbia  be  biEtoric  truth  (and  I  have  entim 
coofideiice  in  Dr.  Drapor),  well    may   be  *  deplore  the 
tyitcmatic  manner  in  which  the  litviattirv  of  Kuropi-  hu 
contrived  to  put  out  of  sight  our  MienUfic  vbligattont  to 
the  MithommedanB.* ' 

The  strain  upon  the  mind  during  the  Ktatiouary  [<eri< 
towards  ultra-tenrestrial  things,  to  the  neglM:t  of  pmMe 
close  at  hand,  ma  rare  to  provoke  reaction.     But  the 
action  vof  gradual ;  for  the  ground  was  dangerous,  and  a 
puwer  at  hand  eompctent  to  criwli  the  critic  who  went  tm 
far.     To  elude  this  power,  and  still  allow  opportunity  fnfj 
tbn  esprrssion  of  opinion,  the  doctrine  of  ■  twofold  tniib 
wa«  invented,  according  to  which  an  opinion  might  he  held 
*  theologically,'  and  the  oppoxito  opinion '  philomphically.'* 
Thus,  in  the  thirteenth  century,  the  cteatioo  of  tba  world 
in  six  days,  and  (he  imcbangeablenws  of  the  imJindoal 
soul,  which  had  bcpo  so  distinctly  affirmed  by  SuTbcoM  ^ 
At|uinas,  were  both  denied  philorophirally,  but  admittcdfl 
to  be  true  a»  articlei  of  the  Catbolie  laitb.     AVbeo  Pixria* 
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gons  tittored  iho  maxim  which  brought  upon  hira  somueh 
vttiiporaltoii,  tluit  '«j>i>cmite  ataerliouH  are  c<iually  true,' 
bo  Kimply  m^unt  ta  aftirm  men'a  dilTcfeuoes  to  be  ao 
,  that  what  was  eubjcctircly  Uuo  to  the  oae  might 
»nbj<?ctive!y  untrue  U>  the  Qthw.  The  great  Sophist 
never  meant  to  pUy  fast  and  lootw  with  lh«  trtiUi  hy  tajiug 
that  our  of  two  opposite  aasertiouK,  made  l>y  (he  Rame 
idiTidii:i),  cuuld  p<M«ibly  escape  being  a  lie.  It  was  not 
ijihistry,'  but  tlie  dread  of  tlieologic  veogcance,  that 
leratcd  this  double  dealing  with  conviction ;  and  it  in 
nUbing  to  notice  wtuit  lengths  were  posdblo  to  m«ii 
were  adroit  in  tJio  um  of  aitificc*  of  tbis  kind. 
TowanU  the  cl<we  of  tlu:  Ktatiouary  period  a  word-weari- 
if  I  may  BO  express  it,  took  more  and  more  possesion  of 
\'b  mindp.  Obrifteadom  hod  become  eick  of  the  School 
iloeopby  and  its  Torbal  wastes,  which  led  to  no  issue,  but 
the  intellect  in  everlasting  haze.  Ilcrc  aud  there  was 
tho  voice  of  one  iin[i»tiODtly  crying  in  the  wildvniCB<, 
unto  Aristotle,  not  imto  »ubtl«  hypotlicsis,  not  unto 
uix'h,  Hible,  or  blind  tradition,  must  we  turn  for  a  know- 
of  the  universe,  but  to  (ho  direct  investigation  of 
by  observatiou  and  ospcrimcnU'  In  1&43  the  epooh- 
ing  work  of  Copcmictu  on  the  paths  of  the  heavenly 
,ce  appeared.  The  total  crash  of  Aristotle's  olooed  uoi- 
with  the  earth  at  its  eeutre,  followed  as  a  oouso- 
:ii-e;  and  *lh«  earth  moves' became  a  kind  of  watchword 
iDg  iotellectiud  freemen.  Copernicus  was  Cuiou  of  the 
rch  of  Frauenborg  in  the  dioceee  of  Ermcland.  For 
rc<vuni]-tbirty  years  bo  had  withdrawn  himself  from  the 
wnrhl,  and  <h:vot«d  himself  to  the  consolidation  of  his  great 
■■me  of  the  solar  system.  Jle  made  its  blocks  eternal ; 
d  oven  to  those  who  feared  it,  aiK)  dc«ir«d  its  overthrow, 
it  was  so  obviously  strong,  tliat  they  rcfrainnl  for  a  timo 
from  middling  with  iU  In  the  last  year  of  the  lifo  of 
Copernicus  bis  hook  appealed  :  it  is  said  that  the  old  man 
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received  a  copy  of  it  a  few  days  bcfbrv  hia  death,  and  Ou 
departed  in  peace. 

The  Italian  philosopher,  Giordano  Bruno,  was  one  of  t1 
earliest  converts  to  the  new  aclranom;.  Taking  Lucrati' 
aa  his  cxcmplnr,  he  reirived  the  notion  of  the  iiifinit;y 
worlds ;  and,  combining  with  it  the  doctrine  of  Copcmicu*,' 
reached  the  eubiime  generaliaation  that  the  Szed  <tan  niv 
EuDB,  ficatt«m}  DtunbcrlcKS  through  spaco,  and  accompanied 
b}-  eatcUitcf ,  which  bear  Ute  »amG  relation  to  tbcm  that  tna 
earth  does  to  our  »in,  or  our  moon  to  our  earth.  This  wu 
an  expansion  of  transceudent  import;  but  Bnitio  came  d 
than  this  to  our  present  line  of  thought.  Stnick  with 
problem  of  the  genoiatioD  and  maJntonanca  of  organitinft 
and  duly  pondering  it,  he  came  to  the  oondusiOB  that 
Nature,  in  her  productions,  does  not  imitate  the  t^choie  «f 
man.  Her  pitwe*  b  one  of  unntrelling  and  unfoI<Bi^ 
The  inRnily  of  forms  nnder  wliich  mnlter  appears  wss  Dot 
impoaed  upon  it  by  an  external  artificer ;  by  !t<  own  intrin- 
sic force  aod  virtue  it  brings  the«e  forma  forth.  Matter  it 
not  the  mere  naked,  empty  capacity  which  philosophcn 
have  pictured  her  to  be,  bat  the  uniTeml  toother,  who 
brings  fori!)  all  things  as  the  fmit  of  her  own  vomK 

This  oiitupokcD  man  wiu  origiiudlya  Dominiaui mook. 
He  was  aooused  of  heresy  and  bad  to  fly,  )cvktng  refngcn 
Genera,  Paris,  England,  and  Oermany.  In  1593  be 
into  the  handa  of  the  Inquisition  at  Venice.  lie  waa 
priaoned  for  many  years,  tried,  degraded,  excommuoica' 
and  handed  ovrr  to  the  Civil  power,  nith  the  reqiieat  that 
he  should  be  treated  gently,  and  *  without  the  fhffldigg 
of  blood.'  Tliiit  meant  tliat  he  was  to  ho  burnt;  ud 
borat  accordingly  he  wa^,  on  Febniaf7  16,  1600.  To 
etcspe  a  similar  &te  Galileo,  thirty-three  yaaw  aftemaidfc 
abjorcd  upon  bis  knees,  with  his  handi  'i  holj 

gMpelSfthcbdionuitricdoctrioe,  whidibekL.     ..  ..  anr- 
After  GalUeo  caTn«^«\iWt,'«ba  &oin  hia  Gmma  bom 
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irfted  tliA   ullnmdatane  power.      Ifu  trac<»I   out   from 
^rt>-exi»Ung  obKnmtiotiK  tlio  lawn  of  planvturj'  motion. 
fttennU  were  thus  pnipar«d  for  Newton,  whobotiDdttioMI 
ipirical  laws  t^igethei  by  tbe  principle  of  gravitation. 

In  tbo  swvcnl«ontli  century  liacon  and  Ueecarte^,  tli« 
(torun  of pliiln«(upby,appoarod  in  suoccMion.   DifTercntty 
and  eadaw«d,  tliclr  ptiilowopliio  («nd«Dcies  wonj 
Dt.     Bacon beld  fast  to  Induction,  believing  fiimly  in} 
existence  of  an  external  world,  and  making  eoll«ot«d 
I  Uw  basis  of  all  lniowIedj>«.    The  matbematicalj 
of  Descartes  gavo  liitn  a  bios  towards  Dodoction  ;] 
and  bia  fundamental  priuciple  wan  much  the  itamc  as  tliat 
of  Piotagoraa,  wbo  made  tbe  individual  man  tJw  mcwitro 
_of  ail  tlungs.     '  1  think,  therefore  I  am,'  said  Dcacartea. 
)iily  his  own  identity  vas  sure  to  him ;  and  tbe  full  deve»l 
apment  of  this  system  would  have  ted  to  an  idealism,  Ja] 
rbicb  tbe  out«r  world  would  bo  resolved  into  a  mere  pbo>l 
inmiMion  of  iionKiowtoeM.     GMWudi,  one  of  Dc«art«s'i  j 
atempurariea,  of  whom  we  shall  bear  more  prcMntly,! 
Iniekly  pointed  out  that  the  tact  of  penoDal  exiiteuea  1 
loald  be  proved  as  well  by  reference  to  any  other  act,  as 
the  act  of  thinking.     I  rat,  ttieicforv  I  am  ;  or  I  love,  J 

itiorefore  I  am,  would  b<^  ciuile  as  Coik'Iumvi:.     Lichtcn-I 
«rg,  indeed,  showed  that  tbe  very  thing  to  Iw  proved  mu 
nevitnlily  pcwtidated  on  tbe  lirst  two  words, '  I  Uiink  ;'  and 
L  13  plain  that  no  inference  from   tlie  pustiiUtu  noubit 
i;  any  poadbility,  be  stronger  than  tbe  peslulatn  iUalt, 
But  Dracartcs  deviated  (tningely  from  the  idmli«nj| 
implied  in  bt«  fundamental  prioeiplc.     lie  was  UiaArab' 
to  reduce,  in  a  manner  eminently  capable  of  beorinif  tba 
tost  of  mental  preAcntatioo.  vitid  phduonimia  to  piiinlyJ 
nadunicot  principles.     Tlirough  fear  or  luvo,  I>iaii«r(nl| 
was  a  good  cburcbman ;  he  aooordin^y  ri>ji>clo<]  Um  iMitliiq I 
of  as  atom,  bocauK  it  was  alAunl  Ui  NiippiMr  llutt  U<h|, 
^^f  He  so  pleased,  could  not  divide  an  atom;  Ir  puts  In  Un  ■ 
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jiliioe  of  the  atoms  email  round  particle*,  and  ligbt  ^iliii 
out  of  vhich  he  build*  the  orguniMn.  flu  fkrtchc* ' 
inarvt-lloits  [ilijrKical  iiwglit  a  oucliine,  witJi  wata  &c  iu 
motiro  power,  which  aliall  Uliatrate  vital  actiou.  He  hw 
motle  clear  to  his  mind  that  such  a  inachine  would  Iw 
oompetent  to  cairf  on  the  prooesses  of  digestioa,  nutritido, 
^Htfa,  respiratioB,  aod  th«  bcatjog  of  tbo  boart.  It 
would  be  competent  to  accept  imprcsaom  from  the  extenni 
Kenac^  lo  store  them  up  ii>  imagioatiuD  nod  mmaoTJ^  to  ga 
through  th«  iDteroal  moveinents  of  the  npptrtitn  and 
sioDS,  and  th«  external  movemeota  of  the  limbt.  Ue 
luoea  these  fmictions  of  his  machine  from  tbti  more  ar- 
rangcm^ntfi  of  its  organi,  as  the  movement  of  &  clock,  et 
other  automatoo,  is  deduced  from  its  wcit>bt«  aik]  wheels 
'  As  fur  as  these  iunctions  are  couccmMl,'  ho  saTS,  '  it  ii 
not  ncocssaiy  to  conceive  an;  other  vegutatiTo  oi  MOnliT* 
font,  nor  any  other  prind|ile  of  moUoD  or  of  life,  Uwa  the 
blood  and  the  apirii^  agitatud  hy  the  lite  which  bnmt  esth 
tinually  in  the  heart,  and  which  is  in  oowtse  diSoenll 
&oan  the  Ives  existing  in  inanimate  bodies.*  llad  Deseartefl 
been  acquainttxl  with  the  stevn-enginc,  he  wwdd  Itan'' 
taken  it,  instead  of  a  fall  of  water,  as  hit  motive  power, 
tc  would  have  tthown  the  perfect  analoigy  which  exisU  b»- 
rtvccrn  th«  oxidation  of  the  food  in  the  body,  and  that  of  I 
coal  in  the  furnace.  Ue  would  assoredly  have  anticti 
Mayer  in  calling  the  blood  which  t}ie  heart  diffujca, ' 
oil  of  the  Lamp  of  life;'  deducing  all  animal  motioM' 
from  the  combustion  of  tlils  oil,  aa  the  mutions  iifa  stcafflr 
ue  are  deduced  Crmu  Uie  combtutioo  of  its  onl,  Ai 
mattM"  stands,  boverer,  and  eoniudMring  the  ciinsiB- 
staneea  of  the  time,  the  boIdnnH,  cluanie^a,  and  praeittoa 
with  which  Descartes  grasped  the  problem  of  vita)  d^namiM 
constitute  a  marvellous  illustration  of  int«Ilcc(ua)  pnwcr.* 
>  bo  B-ulo-'t  «lmuaU«  -  b»7  «d  IltnntMi.'   'I*y 
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During  Lb«  Mirldle  Ages  U>e  doctrine  of  atotas  had  to 
ftppear&noc  vaiiij^hed  from  discosnon.    In  all  probability 
lid  its  ground  smoni;  Bobor-miDded  nnd  thoughtful 
tLoujfh  DPith«r  the  church  nor  tli«  world  <mt  pn^ 
to  Itrarof  it  with  tolerance.    Oucc,  in  th« year  1S48, 
ived  distinct  expreMioo.    But  retfoctatton  by  com- 
ion  immediately  toUowcd :  nod,  thus  discouraged,  it 
bcrcd  til)  l\iti  M^vcntixtnth  cvutiiiy,  when  it  wu  r^ 
by  a  conti^mporary,  uid  friend,  of  Uohbcs  of  Malucdh 
',  the  aitbodox  Catiiotic  provost  of  Digue,  Gassendi. 
before  stating  his  relation  to  the  Epicurean  doctrino, 
bo  wuU  to  tay  a  few  words  ou  U>e  effect,  a»  icgnidi 
cucT,  of  tlic  gcncnU  iuLroductiou  of  monothei«m  among 
£uroj)mn  nations. 

*  Were  men,'  aayi  Hume, '  led  into  the  apprebeiuioa  of 
iMe  intt^Uigent  power  by  contemplation  of  the  works 
Nature,  tbey  could  never  possibly  rutcrtuin  any  con- 
ion  but  of  one  single  Being,  who  bestowed  existence 
d  ordcT  on  this  vast  mnchinc,  autl  luljiU't'^l  nil  itn  ]iarts 
to  on«  re^jular  syvtcm.'  Rofurrlng  to  tlm  condition  of  the 
licathen,  wito  fli>«i  a  god  behind  cvory  natural  event,  thus 
paopling  the  world  with  thousands  of  beings  whose  ca- 
prices are  incalculable,  tange  shows  tho  impossibility 
of  any  compromise  between  such  nolioos  and  Ihoea  of 
aci^'Ui^,  whirh  procet^K  ontlio  uxsumptionof  uevcr-ehungtng 
law  and  caiistali  ly.  '  But,'  ho  continues,  with  characterislio 
penetration, '  when  the  great  tliought  of  one  Qod,  acting 
as  a  unit  upon  the  imiverte,  baa  been  seized,  the  connection 
of  things  ID  ftccoidaooe  with  the  law  of  cause  and  cScct 
is  not  only  Ihinkahlo,  but  it  is  a  noccesary  consequence  of 
the  iLvtiimptioi).  For  when  I  K-e  t*^n  thouwind  whcrls  in 
oiotion,  au<l  know,  or  believe,  that  they  are  all  driven  by 
nne  motive  power,  then  1  know  that  I  have  Ixtforc  mo  a 
mechanism,  the  action  of  every  patt  of  wliiuh  in  detcrminiHl 
the  plan  of  the  whole.  So  much  being  asaiimtil,  it  follows 
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that  I  may  titrfi«tig&t«  the  rtnicturc  of  thnt  mftchine,  i 
the  various  motiom  of  It»  parl^  For  the  time  bring. 
therefore,  this  conce(>tJ<»D  rendeis  scieotiSc  acuoa  frer.' 
In  other  words,  vcre  a  capricious  God  at  tbe  dreiunfeifnoe 
of  every  wheel  and  at  the  cad  of  every  lever,  the  actios 
of  the  machine  would  be  incnlc)  liable  hj  the  mctbodc  of 
Moionce.  But  the  aetiona  of  all  it«  porta  bean^  rigidly  deter- 
miDcd  b;  their  connections  and  r<.-lntiOD«,  and  these  being 
brought  intu  pbty  It;  a  sdogle  motiva  power,  thm, 
though  LhiK  littt  prime  mover  may  elude  me,  I  ora  fttU 
able  to  eompr«be»d  tbe  machinery  wbtoh  it  teU  in  not 
We  bare  here  a  concoption  of  tbe  relation  of  Xatore  to  il 
Author,  which  toeita  perfectly  ac«q>tabIo  to  some 
but  perfectly  intolvratile  to  othen.  Mowton  and 
lived  and  workMl  happily  tmdcr  ibe  inOuence  of  tbu 
ccption;  GtH^lhn  rejected  it  with  Tehomonco,  Aod  the] 
repugnance  to  acoupting  it  is  manifest  in  Carlyle.* 

The  analytic  and  synthetic  teodciMies  of  the  hu»m» 
mind  arc  traci^ble  throughout  history,  great  wriu 
ranging  them»clTe«  BometJmM  od  the  one  side, 
on  the  other.  Men  of  warm  feelings,  and  miodi  open 
tlic  elevating  impTessiotts  produced  liy  nature  as  a  wfa 
whose  saU»&etion,  therefore,  is  rather  ethical  than  lopal, 
lean  to  the  qrntbetic  side ;  while  the  analytic  hannooijtf 
best  with  the  more  precise  and  more  mechanical  btas  wUei 
seeks  the  wtu&ction  of  the  undcrBtandiog.  Sons  ftra 
of  pantheism  wai<  lutually  ailuptrd  by  the  ooe^  while  a  de- 
tjujicd  Creator,  working  more  or  li-ss  after  the  maana  of 
men,  wa»  ofl4>n  assumed  by  the  other.  GasModi.  u 
fetched  by  l.ange,  is  hardly  to  be  tanked  with  athtr- 
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Taving  formally  scknowledged  God  as  the  great  firet  caUB^  , 
i^^c  immctiiuttljr  dropped  the  idea,  applied  the  known  law* 
^Bf  mucbanic*  to  the  atoms,  aod  deduced  from  them  all 
^Ktal  plienomena.     He  defoodod  Epicurus,  and  dwvlt  upon 
^Mis  purity,  both  of  doctrine  and  of  life.     True  he  waa ' 
^fc  heathen,  hot  eo  was  Aristotle:.     Epicurus  assailed  niper- 
'^■Ution  and  roliginn,  and  rig;htly,  because  he  did  not  know 
I  tnwi  ipltgion.     He  thought  that  th«  gods  neither  ro- 
rarded  nor  puniahed,  and  he  adored  tbom  purely  in  <wiu»- 
Doe  of  their  complcteneEs  :  here  wo  sec,  t-urs  Oa:FScndi, 
I  roverence  of  the  child,  instead  of  tfao  fear  of  the  ulave. 
!ie  errors  of  Kpicunu  xfaall  bv  corrected,  and  th«>  body  of 
:  truth  rvtaint-d.    Gasscndi  then  prooeedtt,  as  any  heathen  i 
aight  do,  to  build  up  the  world,  and  all  that  therein  is,  of  1 
DiBB  and  molecules.     Ood,  who  created  earth  and  waterij 
a.\M  and  animals,  produced  in  the  first  place  a  definite^ 
lumber  of  atonic,  which  constituted  the  seed  of  all  thtng&J 
aeo  began  that  series  of  combiontions  and  decompo-J 
itious  which  now  goes  on,  and  which  will  continue   in 
lUire.     The  principle  of  every  changM  rcstidiw  in  nuitter. 
artificial  production*  the  moring  principle  is  different 
the  material  worked  upou ;  but  in  nature  the  a^rent 
I  within,  being  the  most  active  and  mobile  part  of 
I  material  itself.     Thus  this  bold  ecclesiastic,  without 
georriiig  tlie  censure  of  the  church  or  the  world,  contrives 
I  ontatrip  Mr.  Darwin.     The  same  cast  of  mind  wliidi 
kOsed  him  to  detach  tlio  Creator  from  hiii  nnlverae,  led 
^iro  alM>  to  detach  the  soul  from  the  body,  though  to  the 
]y  he  ascrilied  an  inSuence  so  larf^e  as  to  render  the 
almost  unneceaeary.     The  nberrationa  of  reason  were, 
in  his  view,  an  affair  of  the  material  brain.  Alental  dia 
brain-disease ;  but  then  the  immortal  reason  sit^  apart,^ 
nd  cannot   be  touched   by  the  disease.     Tlie  errors 
BOM  are  those  of  tlie  inaiitiment,  not  of  the  performer. 
ti  may  be  more  than  a  mere  r««uU  of  edtieat  ion,  connect. 
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ijQgiUc'ir,proWblf,witli  the  deeper  mental  utructure  of  ^ 
two  mcD,  lh:it  the  idea  of  Gaaoeudi,  above  (uuncl&todt 
tiulKttiiutuilly  the  same  ae  that  expree«d  by  Profenor  Cla 
Masweli,  &t  the  close  of  the  retj  Ma  lecture  delit-ered  I 
bim  at  Bradford  Ust  year.  According  to  both  phU 
phers,  the  atoms,  if  I  itudcniUuid  aiiglit,  ore  jnTpar 
materiids,  which,  fonaed  once  for  all  by  the  Eternal, ; 
diicG  by  their  Kiildequviit  interaction  all  the  phettwraena  • 
the  material  irorld.  Tliere  eeems  to  be  this  difference:,  bov^ 
ever,  betweem  Gaseeodi  and  MaxwelL  TbetmepostulaU*, 
theotlwr  in/en  his  fir;t  causo.-  In  bis  *  manufactnred 
arlidea,*  as  be  calls  the  atoms,  Profeceor  Maxni^It  fiwb 
the  bB*i»  of  an  induction,  wliich  enables  bim  to  stalit 
pliilosopliie  bctghta  oonsidcrod  inacotwtiblo  by  Kaot,  and 
to  take  the  logical  step  from  tin.-  atoms  to  their  Klaker. 

Accepting  liere  the  leadentfaip  of  Kant,  I  doubt  tbs 
legitimacy  of  Maxiri-lU  lugic ;  biit  it  is  impotnUe  not  to 
feel  the  etbic  glow  with  which  hi«  lecture  eooclodK 
There  is,  morcoTcr,  a  very  noble  strain  iif  ulotiuence  in  hb 
doscription  of  the  stead&atoesB  of  the  atoms :  '  Natural 
eauMs,  as  wo  know,  are  at  work,  which  tend  to  modify,  if 
they  do  not  at  length  destroy,  all  the  ariaDgementK  aad 
dimenuoss  of  the  eiu-th  and  the  wheJo  «olar  ^stcm.  Bat 
though  in  the  course  of  iiges  catastrophes  bsn  ooonnd 
and  may  yet  occur  in  the  heaTeos,  though  ancient  qrttcoB 
may  be  dissolved  and  new  systema  evolved  nut  of  tbrii 
ruins,  the  molecules  out  of  which  these  systems  are  baflt—' 
the  fotmdalion  stones  of  the  material  luuvene — maaia 
unbroken  and  unworn.' 

Tlie  atomic  doctrine,  in  whole  or  in  part*  wa^ 
tAined  by  Bacon,  l>eM]Arlv«,Huhbes,l<c<cl(c,Mewtu[. 
and  til  ir  fiuccesson,  until  the  dwtalotl  law  of  moktplr 
proportions  enabled  Oalton  to  eonfer  upon  it  an  e&tinly 
new  signifiivuce.  In  our  day  there  are  secessions  ftwo 
ti»e  theory^  but  it  etill  stands  grm.     Losohmidt,  Stoo^J 
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ud  Sir  William  Tbomson  bave  ew^it  U>  d«t«rmine  Lha 
•Izes  of  iho  atoms,  or  rather  to  fix  the  limitii  between 
which  their  hizcc  Ub  ;  while  only  hst  year  the  diwourses 
of  WilllomiK)!!  and  3Iaxwcll  illuMtnitxi  t^c  present  hold  of 
Uiu  doctiiue  uf>on  the  foremost  gciuutific  mindH.  lu  fact, 
it  may  be  doubted  whether,  wanting:  this  fundamental  cou- 
oeptiou,  a  (hooT}-  of  the  material  am?erse  is  capnbid  of 
scieDtific  ctabimt-nU 

Ninvty  years  subsequent  to  Gasteodi  the  doctrine  of 
bodily  inittnirarnt^,  ii»  it  may  be  called,  assumed  immeato 
impoitancs  in  llw  lmii<U  of  Bi»hop  Butler,  who,  in  his 
famous  *  Analogy  of  llcligion,'  developed,  from  his  own 
point  of  view,  and  with  consummate  a^racity,  a  similar 
id*.'3,     I'hc  Bixliop  »till  influences  superior  minds;  and  it 
wQl  repay  us  to  dwell  for  a  moment  on  his  views.     He 
draws   tbo  shurpost  distinction   between  our  real  selves 
and  our  bodily  instrumcntti.     Ho  docs  not^  as  fiir  as  I  re- 
member, use  the  word  sotti,  possibly  because  the  term  was 
so  hackneyed  in  bis  day,  aa  it  had  hecn  for  many  gancnio 
tions  previously.      But  be    speaks  of   'living  powers,' 
'  porcoiving    or    percipient    powers,'    *  moving    agent*,* 
*  oiirticlvos,'  in  the  siimc  sense  as  wc  should  employ  lb« 
t«rui*nul.     Hu  dwells  upon  tbo  fact  that  limbs   may  be 
rcmavc<]  and  mortal  diseases  ncwil  the  body,  tlio  mind, 
almuet  up  to  Uie  momrat  of  death,  remaining  clear.     He 
refers  to  sleep  and  to  swoon,  where  the 'living  powcRt' 
aro  suspended  but  not  destroyed.     He  considers  it  quite 
u  easy  to  cooneive  of  exiiit«nce  out  of  our  bodies  as  in 
tliem ;  that  we  may  animate  a  sucoeeaion  of  bodies^  the 
dissolution  of  all  of  tbem  having  no  mora  tendency  to 
diasolve  our  real  selves,  or  '  deprive  its  of  living  fiicultios 
— the  faculties  of  pcroeption  and  action — than  the  dis- 
M^uliou  of  any  forei^  matter  which  we  are  capable  of 
rnoeiving  impresions   from,  or  making  use  of  for   the 
DommoD  oocBn<HU  of  life.'    This  is  the  key  of  Lha  Bishop's 
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position :  '  our  organued  bodies  are  no  more  a  fan  < 
ounidvM  thao  any  other  niatter  aroond  us.'     Id  pivof  i 
tthia  he  caUsattentioD  to  the  use  of  gkasea,  which  *pr 
tobjecU*  for  the  'percipient  pomr*  ozactly^  aa  tb« 
f.does.     The  eye  itself  is  do  more  pcrupicot  Uiao  the  giaM| 
U  quite  aa  mtioh  tin:  inntnimcitt  of  tlii.-  true  scdf,  and  ; 
aa  foreign  to  tlte  true  nHf,  a»  the  glaai  b.     'And  if 
see  with  our  ejes  only  in  the  same  manner  a=  we  do  with 
giasMS,  the  like  may  justly  be  conclotled  from  analog;  o^ 
'  mlt  our  senses.' 

Lucietius,  as  you  are  aware,  reached  a  pnciMly  opf 
eiteconcltuion:  audit  certainly  would  be  ict«refting,  if  i 
piolitablc,  to  u«  all,  to  hear  what  be  would  or  could 
in  opposition  to  the  rea»oning  of  the  Bishop.     As  a  bni^ 
discussion  of  the  point  will  enable  us  to  see  the  bearinE 
of  an  important  question,  I  will  here  permit  a  disciple 
Lueratius  to  try  tlie  stronglb  of  the  Bishop's  poeiticoi, 
then  allow  the  Bishop  to  retaliate,  with  the  rjev  of  i 
hadi,  if  be  can,  the  difficulty  upon  Lucretius. 

Tho  ai^giimrnt  mi^bt  proceed  in  this  fiuliiun  :~— 
'Subjcvtvd  to  tho  test  of  mental  pnMenlalioo  (Te*^ 
utMang),  your  views,  most  honoured  prulate,  would  present 
to  many  minda  a  great,  if  not  an  insupeiable*  i 
You  speak  of  *'  living  power*,"  •*  percipient  or 
power*,"  and  "  ouiselvee ;"  but  can  jou  form 
picture  of  any  of  these,  apart  from  tbo  oiganian  thioq^ 
which  it  is  suppofed  to  act  ?  To«t  yeurwlf  honestly,  an) 
see  whether  you  powets  any  faculty  that  would  enatJa  jva 
to  form  such  a  conception.  The  true  self  has  a  hieal  baUt- 
atioQ  in  each  of  us ;  thus  localised,  must  it  nut  jiwim  > 
'  form  ?  If  f o,  what  fomi  P  Ilnvc  you  eret  for  a  HMWeat 
realiaed  it  ?  When  a  leg  u  amputaU^  ihe  body  is  dirlded 
into  two  parld ;  is  the  trun  self  iti  boUi  of  tbem  or  iQ^H&att 
Thomas  Aquinas  might  »ay  in  Iwth  ;  but  not  you,  fsiHH 
appeal  to  the  eootciousaess  aKOciated  with  Mie  nf  tlw  fi* 
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paits,  to  prove  that  the  other  is  foreign  ntatter.  la  con- 
sciousDMS,  then,  a  oecesaaiy  elGmeDt  of  the  trne  self?  If 
so,  what  do  you  say  to  the  ouo  of  the  whole  \jody  being 
drpriTcd  of  consdooMaais  ?  If  not,  then  on  what  grouoda 
do  yoQ  dear  aiiy  portion  of  the  true  aelf  (o  the  Mvercd 
limb  ?  It  seems  very  sinj^Uar  that,  from  the  beginning 
to  tbe  end  of  your  admirable  book  (and  no  one  admires 
ita  sober  strength  more  than  I  do),  you  never  once  metttion 
the  brain  or  ncrvoui  KyxU-m.  You  Wgin  at  one  end  of 
the  body,  and  show  thai  U»  part*  may  be  removed  wilhoat 
pfcjiidiM  to  the  perceiving  power.  What  if  you  begin  at 
tbe  other  eod,  and  remore,  instead  of  the  leg,  the  brain  ? 
The  body,  as  before,  ta  divided  into  two  parta ;  but  both 
are  now  in  tho  aame  prodicamcnt,  and  neither  can  be  ap- 
pealed to  to  prove  that  the  other  is  foreign  matter.  Or, 
ioatead  of  going  so  far  as  to  remove  the  brain  itself,  let  a 
certain  portion  of  it«  bony  eovoring  be  removed,  and  let  a 
rhythmic  («ric«  of  prcMiirai  and  relasationa  of  premure 
he  applied  to  the  loft  subatanee.  At  evciy  prepare  **  the 
faculties  of  pereeptioo  and  of  action  "  vanish ;  at  every  re- 
laxatioo  of  preaaure  they  are  restored.  Where,  during  tbe 
intervals  of  preesure,  is  the  perceiving  power  ?  I  ouoo 
had  the  disclurgo  of  a  largo  Leyden  battory  pomod  iin- 
cxpect«lly  through  inc ;  I  felt  nothing,  but  waa  simply 
blotted  out  of  oonscioiia  exiateneo  for  a  acutihle  tiit^^rval. 
Where  was  my  true  setf  during  that  interval  ?  Men  who 
have  recovered  from  lighlning-etroke  have  been  mttch 
longer  in  the  same  state ;  and  indeed  in  cawa  of  ordinary 
concussion  of  the  brain,  days  nuLT  clnptte  during  whieh  no 
experience  1*  regiaterml  tn  oonBcioiiimeia.  'Where  ta  tbe 
man  himaelf  during  the  period  of  inaenxibility  ?  You 
may  say  that  I  bog  the  question  when  I  aMiimv  the  man 
to  have  been  uacooacious,  that  he  was  rcilly  eoD»ciou8  all 
the  time,  and  has  simply  forgotten  wliat  had  occurred  to 
him.     In  reply  to  tbla,  I  can  only  aay  that  no  one  ncftd. 
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shriuk  from  t)i<;  vant  tortures  that  vupentitl'M)  ever  In 

.vented,  if  only  »a  felt  and  so  remembered.  I  dn  not  tliinl 
your  tJieory  of  imtrumetits  goea  at  all  to  tlu>  hattnm 
the  matter.  A  t«legraplt-operator  bw  IiU  inatnuDema, 
by  meaoi  of  wtiich  he  ooavcnn  with  tlie  world;  oar 
bodies  possess  a  nervous  sjstem,  which   pUy*  ■  riraQu- 

Ipart  betveea  the  potceiTing  poirer  and  external  Ihhig). 
Cut  the  wires  of  the  operator,  bi«ak  hi*  battery,  demag- 
nclito  )ii»  TioeiUe ;  by  this  means  you  certainly  sent  bit 
oonnection  with  the  world ;  but,  inasmitch  ac  tliese  are  ml 

I  Instrument^  their  destruction  dnea  not   touch   tbe  mas 

'  who  uaea  them.  The  operator  snrvir«9,  and  Ae  tnomm 
that  he  survives.     A^liat  ia  it,  I  wouhl  ask,  in  ibe  humaa 

iqrstom  that  aQBirers  to   tliis   conscious  sunival  of  Iba 
operator  when  tlic  lattery  of  the  braiu  la  ao  disturbnl  as  < 
produea  inKCiiribility,  or  wlion  it  ia  destroyed  altopstberl 
*  Another  consideration,  which  you  mar  conniirr  t1igb( 

'presses  upon  me  with  aiune  force.     The  brain  may 
from  health  to  duease,  and  tbrooKb  such  a  cbange  tl 
motft  exemplaiy  man  may  be  convcrtod  into  a  d&hBU 
or  a  murderer.     Mj  very  noblo  and  approi'od  good 

I  had,  aa  you  icDOW,  threatenlngs  of  lewdoen  iutrodt 
bu  brain  by  bis  jealoiiR  wife's  philter;  and  anoorr 
permit  himself  to  run  er«i  the  riik  of  yielding  to 
hujc  promptings  he  slow  bimseIC     Hnw  could  Ibe  baadaf 

I  Lucretius  hnv«  been  thus  turned  agaiust  btmM-lf 
real  Luoietiiia  rcniaint-d  as  before?     Can  the  bntin  nr 
it  not  act  in  tliis  di  jlemjierod  way  without  the  int^^rrc 

'of  the  immortal  reason  ?  If  it  cun,  then  it  is  a  prime 
mover  which  n-quiri-*  only  healthy  rrgul :"'  -  '    reodB'il 

I  reasonably  self-acting,  and  tliere  is  do  -   n«>ed  al 

your  immortal  re&wn  at  all.     If  it  cannot,  '  Ibh 

mort*lrea900,by  its  miechievomac?  ■■!■-■"■  -ngofm 

»  broken  instrument,  must  have  th<  lomit 

evety  imaj^iuiLUK  citraTa^Dce  and  erJraa.     1  thiak,  if  i^ 
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ftllow  mv  to  ay  so,  that  Ui«  gravctt  cossequencca  are 
likvly  to  flow  frum  your  eHlimat«  of  tbe  body.    To  regard 
the  brain  as  you  would  a  statT  cr  aa  eye^ass — to  shut  your 
to  all  its  mystery,  to  tho  porfoct  corroinlion  of  iU>  oon* 
aiid  otir  i-om^ioimiiiM,  to  thi:  fact  tliut  a  slight  ezcfti!* 
ftict  uf  Itlood  in  it  ]traduce«  tbe  very  swooD  to  whioh 
'er,andthatiarclutJontoit  our  meat,  and  drink,  and 
id  eieroiM.  bavo  a  perfectly  traascmdenlal  valim  and 
iBcance — to  forgvt  all  this  docs,  I  think,  open  a  way 
lUmerable  errora  in  our  1>abit«  of  liCe,  and  may  potubly, 
eases,  initiate  and  foster  that  very  di^caso,  lutd  con- 
it  mental  ruin,  whtcb  a  wiser  Appreciation  uf  this 
ioKu  organ  would  bave  avoidud.' 
can  imagine  tbe  Blibap  thoughtful  aflei  bearing  this 
t.    He  was  not  the  man  to  allow  anjfcr  to  mingto 
tho  oonsideration  of  n  point  of  this  kind.     After  duo 
cdectioD,  and  Inving  strmgllMinod  Itiinxtlf  by  tlukt  buimt 
Bontctn[ilatiun  of  the  factd  which  waa  habitual  witli  him, 
and  which  includes  (he  desire  to  give  even  adverse  facbi 
their  due  weight,  I  can  suppose  tbe  Bishop  to  proccwd  thus : 
'  You  will  rcmembcJ*  that  in  the  "  Analogy  of  Religion,"  of 
wbicti  you  bave  so  ktudly  tpoken,  I  did  not  profess  to  prove 
luijtbing  absolutely,  and  that  I  over  and  over  again  ao- 
knowledged  and  insisted  on  the  Bmallncss  of  our  knowledge, 
or  rather  the  dopth  of  our  ignorance,  as  regards  tbo  whole 
IcystiTn  of  Ibe  ttni^crtie.     My  object  wa«  to  show  my  dcinlical 
[friends,  who  set  forth  so  eloquently  the  beauty  and  beuo- 
"  of  Nature  and  tho  Ituler  thereof,  while  they  had 

'^  but  Bcom  for  tbe  so-callni  alMurditit^  of  (Jie 
Obristian  scheme,  that  they  were  in  do  better  condition 
Uien  we  weir-,  and  that^  fnr  every  difficulty  found  upon  our 
«(dc, quite  aa  great  a  difficulty  was  to  be  found  up->ulh(-ir«. 
t  will  now  with  your  permission  adopt  a  similar  line  of 
arpxmaDt.  Vou  are  a  Lucrottan,  and  from  tlie  conibina- 
tiaa  aad  sefwiitioa  9f  inwante  atoms  deduce  alt  terrestrial 
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tbia^,  including  organic  fiinna  and  iheir 
I^  mc  t«ll  you  in  t1i«  fii^t  instance  how  &r  I  am  pr 
to  go  Hith  you.  I  ailmil  ttiat  yoti  cun  build  cf^^talliw 
formit  out  of  thiv  piny  of  molMuIiu-  force ;  Uixl  ibe  lUamoad, 
unvtbytl.  Mid  niow-Ktar  sre  (rulj  wonderftil  wtnictiirec 
which  ar«  thiit  produced.  I  will  go  f&nher  aod  acknow- 
ledge tbat  «veD  a  tree  or  flower  might  in  this  way  be  or- 
^^nified.  Nay,  if  you  can  show  me  an  animal  witboiil 
sensation,  I  will  concede  to  you  tbul  it  nlfo  mti;lit  U 
together  by  the  ciiitoble  play  of  molecuW  force 
*  T\nia  far  our  way  i.1  clnar,  but  now  eome«  my  i 
Your  aioms  arc  iitdividtially  without  sensation,  mt 
are  they  without  intelligence.  May  I  ssk  yno,  iBen,  la 
tiyyour  hand  upon  this  problem.  Take  your  dead  hydro- 
gen atoms,  your  dead  oxygen  alomi^  yotir  dead  cubaa 
atoms,  your  dead  nitrogen  atoms,  your  dead  pboa|ihMm 
atoms,  and  all  the  other  atoms,  dead  b«  grains  of  abot,  tt 
whicli  the  brain  is  formed.  Imt^^ne  tlwm  separate  and 
8ensationle«s ;  obaerre  them  nmnin^  togetlier  and  fbrming 
all  imaginable  combinations.  This,  aaa  purely  m«chaaicd 
prooew,  is  aeeahle  by  the  mind,  fiut  can  yon  see,  or  draun, 
or  in  any  way  imagine,  how  otit  of  that  mechanical  iiCl,  and 
from  these  individually  dead  atoms;  seosatioo,  thought,  and 
emotion  are  to  rise  ?  Are  you  likely  to  extract  Rcrdtt  v* 
of  the  rattling  of  dice,  or  the  tiiScnmtial  Calculus  md  of^ 
the  clash  of  billiard-balls?  I  am  not  all  bereft  of 
Vitrstfllunya-Kra/t  of  which  you  speak,  nor  am  t*  liku  I 
many  of  my  brethren,  a  mere  racuum  as  n^ardf  \ 
knowledge.  I  can  follow  a  particle  of  musk  until  it  nrnAw* 
the  olfactory  nerve ;  I  can  follow  the  wavn  of  4oand  nutl 
their  tremors  reach  the  water  of  the  labyrinth,  aadaettt* 
vtolitlis  and  Corti's  fibres  in  motion ;  I  can  also 
the  wavn  of  aether  as  they  cross  the  eye  and  hit  the  i 
Nay  more,  I  am  able  to  pitrsuu  lo  the  ccntnl  orgas  tfe 
motion  UiU9  imyarted  at  the  penpbrry,  and  to  sm  ta  idn 
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I  very  moloculc*  of  tbc  bruin  tlirown  into  trcmon.     Aljr 

ghl  i»  Dot  bafflvd  hy  UieMt  physical  procewcs.     What 

and  bewilders  me  iii  tlui  notion  that  from   Uiooe 

^jBical  tremore  tilings  bo  utterly  incongruous  vitb  tbem 

I  sensation,  Uiougbt^  and  omotjon  can  be  derived.     Vou 

«ay,  or  tliink,  tliat  tbia  iwiie  of  vonicioiuncsg  from 

cUuli  of  atoms  i»  not  more  inooDgriKHis  tb»u  Ui«  fliub 

ligLt  from  the  union  of  oxygen  and  hydrogen.     But  1 

'  Ui  say  tbai  it  is.     For  such  incongrui^  as  tbe  flash 

'  IB  that  which  I  now  force  upon  your  attention. 

*Aub  "*  i^an  affair  of  oonsciuusiivsK,  Lhu  objective  ooiui- 

.  of  tvliicU  i»  a  vibration.     It  is  a  flaah  only  by  your 

etatioa.     i'ou  are  the  cause  of  tbe  apparent  incon- 

ity  ;  and  you  are  the  thing  that  puulos  ac     I  need 

remind  you  that  the  great  LeibnitA  felt  the  difficulty 

lich  1  feet ;  and  that  to  get  rid  of  this  monrtrous  deduo 

of  life  {ix>m  dt^tb  bo  difplaoed  your  atoms  by  his 

«hi<:b  were  more  or  leet  perfect  roirroni  of  the 

iverae,  and  out  of  Uie  sununotioa  and  intogmtiou  of 

ch  he  supposed  all  the  pheoomeoa  of  lifo — sentient,  ii»- 

lectuol,  and  emotiooal — to  arise. 

'  Your  difficulty,  then,  as  I  see  yon  am  ready  to  admit, 
\  i^uito  as  great  as  mine.  You  cannot  tativfy  the  humuu 
idoritanding  in  its  demand  for  logical  oonlinutty  betweioi 
EPleoular  pioceaiM  and  tlic  plicaomeaa  of  confciouaneM. 
lia  is  a  ruc'k  on  wbieli  Kfateriatism  muKt  ioovitably  split 
whenever  it  pretends  to  be  a  complete  philosophy  of  life. 
What  is  the  moral,  my  Lucretlan  ?  You  and  I  are  not 
k«ly  to  indulge  iu  ill-temper  in  tbu  dlticuHion  of  these 
^t  topics  wlivre  we  see  so  much  room  for  honest  differ- 
lofopinion.  Itiit  there  are  people  of  less  vjt  or  more 
>try(Iesyitwith  humility),  on  both  sides,  whoare  ever 
ready  to  mingle  anger  and  vituperation  with  such  discus- 
Tbere  are,  for  example,  writcrg  of  note  and  inBuiiuoe 
i  tbe  pncent  day,  who  are  not  udtnmcd  puUiclj  to  ait»uui« 
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the  **de«p  personal  sin"  of  &  great  Ingidan  to  be  tlio  caxm 
of  bit  uobelitff  in  a  tIi«olog;ic  dognuL*  Ami  thm-an-nttm 
who  bold  that  we,  wbo  cbeaish  onr  noble  Itiblr,  wrougtii 
u  it  has  been  into  tho  conatttutioo  of  our  foreCitlten,  ud 
by  inbcritance  into  tu,  mustneccaarily  be  hrpocriticsl  and 
iiisiuccR'.  I^t  UH  diAvoff  and  dbcountcnancc  fodi  p«o|)fe> 
cl^eri»hin^  tb«  unswerving  faitb  tliatvhat  is  good  nod  tme 
in  botb  our  arguineDta  will  be  preaerved  fat  the  benefit  et 
humanity,  vhile  all  that  is  bad  or  false  will  dinppear.' 

I  hold  the  Bishop's  rv«soning  to  be  tmannKnfale,  ua) 
his  liberality  to  be  vrorihy  of  imitation. 

It  in  vrortfa  rumitiking  lliat  in  one  rt<poct  tine  UiEhop 
wsK  a  product  of  bis  age.  Long  previoos  to  his  day  tbr 
nature  of  the  soul  bad  been  so  favourite  and  general  a  lupt; 
of  discussion,  that,  when  the  Etudonts  of  tiie  Italian  Uai> 
venitia  wished  to  know  tho  leanings  of  a  new  PrufMMT, 
thvy  St  once  rpqiii.-«t«l  him  tu  iMtnre  upon  the  amd. 
About  th(>  time  of  Bishop  Butler  the  qiie«tion  was  not  oely 
agitated  but  extended.  It  was  «een  by  the  cicar-witted 
mDu  wbo  entered  this  arena,  that  many  of  their  bnt  ai^ 
meats  appUot)  equally  to  tmites  and  men.  The  BisKuf') 
arguments  were  of  this  cbamcter.  He  law  it,  ailiiutt«d  it, 
took  the  consequence,  and  Uildly  embraocd  the  vfao^ 
animal  world  in  his  scheme  of  {nunortality, 

Bi«bop  Butler  accq>t«d  with  unwavering  trurf  the  i 
nology  of  the  Old  Tcxtamrat,  dcvcribiog  it  as  'eonfir 
by  tlie  natural  and  civil  Lixtory  nf  the  world, 
from  common  bistoriaus,  from  the  stale  of  tho  rtirlfa,  a»l 
from   the  late  inreDtioas  of  arts  and  science*.'     Tli^i 

'  Thli  i»  tbc  upKt  cnd«c  lilikh  i'  ■  ''■'  '  ■•  -if  Uk  •  Dutlra 
ptMoiU  to  hl>  nadin  Um  MiMury  u(    '  ■  MiO.    1  nm  a^f  < 

iIiMl  «c«U  aa  leca  lok*  tny  diuw*  lb  :^.  .,..-1  b^iUL  ta  tlai 
xUc  •  uibdisTtr,'  u  in  ihkl  of  hii  Jwuil  ilf  ISKtr*:.     Ib  Ifr.  WuU  vi 
kii  •ualpl^  of  •  nhoIeaoaiD  and  Tttoww  ntu^  wiiiil  ^ti  jairlMt ! 
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mark  pro^ri^ffi ;  ftiul  tbrj  musl  scvta  fomewbat  hoar; 
Id  Bi»linp's  siKJCuiKOOnt  of  to-«lajr.  It  is  haidly  npcc»- 
lo  lufoni)  you  that  niuce  hi>  time  the  donuiio  of  tho 
list  has  bera  imnieasely  extended — tli«  wfai>le  toieDn 
lofQ-,  with  ita  aBtounding  revelations  regarding  th« 
pf  tho  ancient  earth,  baring  broa  created.  The 
ity  of  oM  conception*  has  been  rdazc},  tbe  public 
being  rc!fidcr<Ml  gradually  tolerant  of  tbe  idea  that 
fbr  ax  tbouiKuid,  nor  for  sixty  thousand,  nor  for  six 
id  tbouiaQd,  but  for  teons  embracing  untold  mil- 
of  years,  this  earth  baa  been  tbe  theatre  of  life 
death.  Tho  riddle  of  the  rooks  has  boon  read  by  the 
lit  and  pciL-vontotogiict,  from  siilM»mbrinn  depths 
deposits  lb icl:  filing  over  the  na-bottoms  of  to-day. 
upon  the  leaves  of  that  stone  book  ar«,  as  yoii  know, 
iped  the  cliaractcfB,  plainer  and  surer  than  those  formed 
tbe  ink  of  history,  vbich  carry  the  mind  back  into 
of  past  time,  compared  with  which  the  periods  which 
led  Bi-ibop  Riitlcr  cease  to  hare  a  visual  angle. 
Tbe  lode  of  diicorery  once  struck,  Uio»e  pvtrilicd  forms 
which  life  was  at  on«  time  active,  increased  to  mtilti- 
and  demanded  cliusification.  They  were  grouped  In 
ni,  specicH,  and  varieties,  according;  to  the  degree  of 
aimititnty  milnii'ting  between  them.  Thus  confusion  was 
lided,  each  object  being  found  in  tbe  pigeon-hole  appr<^ 
ed  to  it  and  to  it«  fellows  of  dmilar  morpltological  or 
Biulo^^cai  cbaracter.  The  general  fact  kood  bocune 
it  that  none  Uit  the  simpleet  forms  of  life  lie  loweat 
;  I  hat,  (w  we  climb  hij^r  among  tho  superimposed 
■tmta,  more  pcrfi^ot  forms  apprar.  The  cliaiigi-,  however, 
from  form  to  form  was  not  continuous,  but  by  steps — somo 
antall,  some  great,  '  A  section,*  says  Mr.  Huxley,  *a  hun- 
dred &!>:l  thick  will  exhibit  at  dilfcrent  hrighta  a  done  . 
i«  of  Ammonilr,  none  ofwbioh  pasM.-)i  beyond  it«  par- 
Boue  of  limestone,  or  clay,  into  Uw  vsaa  VaVow  ^^ 
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or  ioto  that  above  it.'  Id  the  pr<;si;Dcc  of  «>d 
was  Dot  possible  to  avoid  tliv  ijui-Uiuii :  Hava  tbcM 
ebowing,  though  iu  brokcQ  «tagen,  and  mtb  many  tmgu- 
lariticf,  this  iuituioL«kaUe  general  advasoe,  been  tobfecud 
to  DO  voiiUuuouB  law  ofgTowtJiorTanatioD?  Had  oaredo- 
catioD  been  purely  scientific  or  bad  it  been  suffideDtl;  de- 
tached from  iufluetKC«  which,  bom-vci  cnDohliD^  in  auctL« 
d»main,  havo  always  proved  kiudnawK  and  dclunotu  wbcs 
introduoL-d  luijicton  iuto  the  domain  of  pbyuca,  tlieaciBD- 
tific  inind  never  could  have  swerved  fi'om  the  aearcli  for 
a  law  of  growth,  or  allowed  itself  to  accept  the  anlhrapo- 
morphism  which  legudcd  each  tuccoasive  etratum  »  a 
kind  of  mccfaanica  hcuch  for  th*-  umnu&icture  of  new  «p«ei« 
out  of  alt  FulutioD  to  tlie  old. 

BiasiMl,  howerer,  by  their  previouA  educmliou,  tl)«  great 
majority  of  DaturalisU  invoked  a  special  crealiv*  UC  la 
account  for  the  appearance  of  each  oew  group  of  ofEUiiaBL 
Voubtlese  numbers  of  them  were  clear-beaded  cbm^ 
to  f«c  that  this  wa«  no  czpl&DatioD  at  all — that  in  poi&t 
of  fact  it  wns  an  Klt«nipt,  by  the  iutrodurticm  of  a  greater 
difficulty,  to  account  for  a  Iom,  But,  liiiving  DoUung  t> 
offer  in  the  way  of  expIanatinD,  they  for  the  tiMtt  part 
held  tbeir  peace.  Still  the  thougfat«  of  reflectrog  i^ 
unlurully  and  neoefisarily  simmered  round  the  queatidn. 
De  MaiUet,  a  cODtcmporaiy  of  Nowtoo,  has  been  broofbt 
into  notice  by  Prafe«Kir  Huxli^y  a*  oiu:  who  '  hod  a  oatim 
of  the  modiliability  of  living  forms.'  In  my  frix|uent  ecv 
vertations  with  the  late  Sir  Denjamin  Btvdie,  a  mac  uf 
highly  philosophic  mind,  he  often  drew  my  attention  to  tk> 
fact  that,  as  early  m  179),  Charles  Darwin's  grand talki 
was  the  pioneer  of  Charles  Darwin.'  To  l801,uidiD<ubft- 
qiicot  yean,  the  cclehrnted  I^mariJc,  v'  '  -^rtj^'h  H- 
vigoroui  expo»ition  of  his  news  by  the  u  ii»'  V«»- 

tiges  of  Crealivn,'  rt-ndcrod  the  pnlJic  mind  ptirfoctly  bm- 
liar  with  the  idea  ofcvulutioa,  endnrourod  to  fthow  th»^ 
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teloptn^t  of  Bpecies  t>ut  of  cbang«tt  of  batut  and  oxteroul 
cytDtlitioQ.  In  1813  Di.  Welb,  the  foundor  of  our  present 
(bcory  of  Uw,  read  bef->re  the  Hojal  Society  a  paper  in 
vhich,  to  tno  the  vords  of  Mr.  Durwio,  *  tic  divtinctly 
reoogni*M  Uie  principle  of  natural  mJeetion ;  and  thin  U 
the  first  recogoilioD  that  La^  been  indicated.'  Tbe 
tboroagbaesfiood  skill  with  wbich  WelUpuTEUed  bia  work, 
lod  tbeolmoiu  independence  of  his  character,  rendered  him 
lung  ago  a  ^rourite  with  me ;  and  it  gave  me  the  liveliest 
ple&iurti  to  alight  npon  thin  additional  testimony  to  tiis 
penetration.  Frofeaaor  Grant,  Mr.  Patrick  Matthew, 
Von  Bucb,  the  author  of  tbe  '  Vestiges,*  D'Ualloj-,  and 
others,'  by  tbe  cnunciatioo  of  opinions  more  or  leas  dear 
and  correct,  showed  tliat  tbe  question  bud  been  fer- 
meoting  long  prior  to  tJ>c  year  185S,  wbuii  Mr.  Darwin 
and  Mr.  ^^'allaoo  siioultAUcouily,  but  independently, 
placed  their  olo^y  eoncurrent  vicvn  before  tlio  Linnean 
Society. 

Tbe:ie  iiii]>ers  were  followed  in  1859  by  the  publication 
of  the  first  edition  of  tbe  '  Origin  of  Species.'  AH  great 
things  oome  tbtwly  to  tbe  birth.  Copernicus,  as  I  in- 
fonned  you,  poadered  bis  great  work  for  thirty-three 
yeara.  Mcwton  for  marly  twenty  ycirs  kept  tbo  idea  of 
Gravitation  before  liis  mind;  for  twenty  years  aXro  bo 
dwelt  upon  his  discovery  of  Fliixionti,  and  doubtless 
would  have  continued  to  make  it  the  objeot  of  his 
private  thought,  had  lie  not  found  Leibnitji  upon  lus 
track.  Darwin  for  two -and- twenty  years  pondered  the 
probletn  of  tbe  origin  of  species,  end  doubtless  he  would 
have  continued  to  do  so  had  he  not  found  Wallace  upon 
bis  track.'    A  concentrated,  but  ftdl  and  powerful, epitome 

*  la  1U3  Mr.  Bertwrt Spcnmr  (- PrioriplM  «f  Vty<ii<Aafj'  tai  siltr. 
voLi  p.  4')A)atprwM4>tk*lMili«rilHtli(*uiiilM!nIlic«fiirtiu  bu  aritoa 
tf  ui  ulirukon  afoMbio,  a»d  llunngh  tk«  iBdrainraitalitj  of  *faa(  uv 
«kll«d  ualunl  coMHL*    Tbi»  wm  1117  b«)l«f  alMftl  tlut  tima. 

*  Til*  bafcaTionr  <t  Mr.  Wklbo*  In  nbtkiD  to  tin*  nbiMl  bak  V»«a 
d«i-i8el  U  Ike  UgWa  Hign* 
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of  kU  labonrs  waa  tbo  coowqueDcv.  Tbo  bouk 
means  on  oasj  one ;  luid  pru)iu))1y  ooi  one  to  onrj  , 
of  tliosc  who  tbeo  attaokcil  il,  ha^  r«ud  iU  ptga  thranglt, 
or  were  competent  to  graap  tbeir  n^ificanoe  if  thef  h»d. 
I  do  not  say  this  tnetetj-  to  discredit  tbem :  for  ibeie  mn 
in  those  days  some  rvaWy  emiDGnt  scientific  men,  ratirdv 
raised  ubove  tbe  lioat  of  popular  pn-judicc,  aad  willing  to 
Moopb  any  coiH^ufiion  tbat  science  bfid  to  oiler,  prondsd 
it  wu  didy  backed  b?  fact  tad  argomeat,  who  estird; 
mistook  Mr.  Darwin's  views.  In  &ct  tJte  work  Modcd  ko 
expounder,  and  it  found  one  in  Mr.  Kiuler.  I  know 
nothing  moro  admirable  in  tJio  way  of  scientific  cxpoodMi 
tban  those  «arly  urtides  of  his  on  the  oriffio  <i  speOK 
He  Hwept  the  curve  of  diKUsaiOQ  through  tbo  i«*llj  rig- 
nificant  poinU  of  tbe  mbjcet,  enriolted  his  expiMttioa  wA 
profound  original  remarku  and  reflecCiooa,  often  euaunn^ 
up  in  a  single  pithy  9eDt^M»  an  ai^nment  which  a  Ine 
compact  mind  would  have  sprtsd  over  pagns.  Bat  tbce 
is  one  improision  tnade  by  tbo  book  itaelf  which  no  exp»- 
sdtiOQ  of  it,  however  lumiauus,  can  convey ;  and  ihit  ti 
the  impiessioii  of  the  va^it  amount  of  labour*  both  of  «N 
seriration  and  of  th»ught,  implied  tii  it#  prodoctiao.  Itt 
Its  f>lanc«  at  it«  principled^ 

Il  is  conceded  on  all  hands  that  what  tur  taUti 
'  varieties '  arc  oontinnally  produced,  Tbe  mle  is  pmfaiU; 
without  exception.  No  chick,  or  child,  is  io  all  reapeco 
and  particulars  the  counterpart  of  iu  Lrothcf  aDd  ic"*-" 
and  in  such  differences  we  have  'variety'  ineipteBt. 
nnturaliat  could  toll  liow  Car  this  variation  could  be  i 
but  the  great  mass  of  them  hflld  that  never,  liy  any  i 
of  internal  or  cxtvmal  change,  nor  by  tbe  mlxitira  of  1 
could  the  oSspring  of  the  saim;  progcnitot  bu  £u  i 
frwn  cai-b  other  as  to  constitute  V""  - 
function  of  tlio  experimental  phi! 
the  oondiUon*  of  Nature  and  to  [rudiuv  her  r- 
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■was  the  method  of  Darwin.'  He  made  himself 
aeqtauntcd  with  what  could,  without  any  tnantier  of  doubt, 
be  done  in  the  way  of  producing  vurtation.  He  uvociutod 
l^hM-If  wilJi  pig«aii<Guiaicn( — bought,  brggrd,  kept,  and 
PPkrved  «Terjr  br««d  that  he  conld  obtain.  Though  de> 
{red  fiom  a  common  Bt«ck,  the  diversities  of  th«ae  pigeons 
sueh  that  *  a  score  of  them  might  bo  chosen  which, 
lown  loan  oniillivlogiMt,  and  be  were  told  that  thcii 
wUil  tiirdx,  would  c«rtaiDlybo  ranked  by  liim  b»  viOl'- 
led  api^ies.'  The  aimjile  pnnciplt;  which  guidtut  the 
[>tt-fiu)ci<.-r.  as  it  doce  iJte  cattle-breeder,  ia  tite  ee- 
tion  of  i>ome  varictv  that  strikes  his  fancy,  and  the  pro- 
tion  of  tltis  variety  by  itiheritance.  With  his  cyo 
dire<;tcd  to  the  particular  nppeartinoe  which  \u'.  wtJiea 
,to  exaggerate,  he  selects  it  as  it  reappears  in  successive 
and  thus  adds  increment  to  increment  until  nn 
Bnishing  amount  of  diverRence  from  the  parent  type  is 
The  breeder  in  this  case  does  not  produce  the 
loftheinriution.  Ho  simply  observes  tbcm,  and  by 
tion  odd*  th(-m  together  until  the  retiuired  ri^ull  Itiis 
obtained.  '  No  man,'  says  Mr.  T>arwin, '  would  evirr 
I  make  a  fontail  till  be  saw  a  pigeon  with  a  tail  de- 
in  somo  alight  degree  in  an  imusual  manner,  or  a 
tater  until  he  saw  a  pigeon  with  a  crop  of  unusual  si::e.* 
ins  nature  gives  the  hint,  man  acts  upon  it,  and  by  the 
law  of  inherilunoo  exa^erat^'S  the  deviation. 

Having  Lliun  satliified  himself  by  indiibltablo  faoU  tlmt 
tbe  organisation  of  an  animal  or  of  a  plant  (for  preciwiy 
I  tim  same  trettlment  applies  to  plants)  is  to  soma  extent 
plastio,  he  passea  from  variation  uudcr  domc«tieatioD  to 
variation  under  nature.  Hitherto  w«  have  dealt  willi  thu 
adding  togvtiier  of  small  changes  by  tbe  conscious  selection 

■  Tba  fin)  tUp  «1;  wmit  «iparia«iiUl  damonunlion  lui  t*»n 
tak«*.  Kipmniinu  no«  baganntKbUaoonplvcf  MntBriMhoMakfivnili 
itta  sf  ianknkUa  vslna,  *Uck  ooflit  to  U  MpplW  u>  iho  tebim  of  Uia 
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of  man.  C^a  Katurc  thus  s«It«t  ?  Mr.  DarvlD'* 
i«,  *  A««iire<lly  she  can.'  Th*  number  of  living  Uiii^  fn^ 
duccd  u  far  in  excess  of  the  number  that  can  be  np- 
portcd ;  he&ce  ut  some  period  or  other  of  their  lives  thti* 
must  be  a  ^tnig<;)e  fnr  exixtcnoo ;  and  whit  is  the 
fnlliblu  rc*iiU?  If  one  urganitEni  iri;re  n  perfect  eupy 
the  otlier  in  reguxl  to  strength,  skill,  and  agilitj*  ext 
conditions  would  decide.  But  this  is  not  the  case.  H 
wo  have  tb«  fact  of  mriety  offering  itself  to  nature,  at 
the  foni>cr  iD»tiuice  it  offered  itself  to  man  ;  and 
varielEcA  itbieh  are  least  cnmpelvnt  to  cope  irith  tm- 
rounding  conditions,  will  infallibly  give  vav  to  tboM  tbat 
are  most  competent.  To  use  &  lamiUar  proverb,  (k 
n-oakcst  oomes  to  llio  wall.  But  the  triiunphaot  fne- 
tion  iigiiin  breed*  to  over-production,  tratttmitting  tkt 
([ititlitics  which  seeared  its  maioteoance,  but  trammUtJif 
Uuim  in  different  degree*^  The  Ftrugf^le  for  food  agda 
HUpervenes,  and  those  to  whom  tlie  fovaiiruhle  qnality 
lias  been  transmitted  in  eice«ts,  will  triumph  as  before. 
It  is  easy  to  see  that  we  have  here  tliu  addition  of  in 
ments  £ivourab1e  to  the  indiridnal,  still  mure  rigniToi 
carried  out  than  in  ihe  caae  of  domestication ;  for 
ouljr  ue  unluTountblo  speciincns  not  setL-eted  by  oatwr. 
but  they  are  destroyed.  T^t*  [a  what  Mr.  Darwin  ealV 
'Natural  Selection,'  which  'acts  by  tbo  pmsirv«ti« 
and  accumulation  of  small  inherited  modifications,  <a<k 
profitable  to  the  prcwrvcd  being.'  With  tbi«  ida  be  ifi- 
terpenetratcs  and  leavctis  the  nut  store  of  iaets  tbt  it 
and  otbcrv  have  eollectrd.  We  cannot,  witbottt  sbattlif 
our  ^rea  iJiroii^h  fear  or  pn-j<idt>-r,  fnil  '  <  -it  Duvis 

is  here  dealings  Qol  with  imaj;it)ilr^^  Ixit  uvcmk*; 

nor  ean  we  fail  to  discern  what  vast  m»ilifinitiuu3  msy  W 
produced  by  uatiiral  selection  in  periods  sulSdentty  looc 
Each  individiiul  increment  may  resemble  «li»t 
maUmni  caU  u  *  diflfvrfinlia]  *  (s  qaantfty  i 
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1>Ut  definite  and  grest  obangi?!)  may  obviouflly  he 
produced  by  tbe  integration  of  these  iBiiiuc«Bimal(iiiaDtitie«, 
through  prBctically  infinito  time. 

If  Daiwin,  liko  Bruno,  rejects  the  notion  of  creative 
power  setiog  atlur  human  fiuliton,  it  certainly  is  not 
bvoaiue  he  is  unaoqtiaiutcd  with  the  DunibcrldM  I'xquifitc 
adaptatioDs,  on  which  this  notion  of  a  diipt-niatiiml  Artificer 
Uwi  been  foimded.  ills  book  ia  «  rAptxMt^ify  of  Uiu  mo«t 
^Ktliog  bct«  of  this  dcscriptioti.  Take  the  marvellous 
^Hwrvation  wldcfa  ho  cites  ftom  Dr.  Crii^r,  wh«re  a 
^Bekvt  with  an  apcrturf,  XTviug  n*  a  vpoiit,  is  formed  in 
^^orebid.  Bees  vinit  the  flower :  in  eager  sc«Tx;h  of  mateHat 
for  their  D»mhs  they  puih  each  other  into  the  bucket,  the 
drenched  ones  escaping  from  their  involuntary  bath  by  the 
spout.  Here  they  rub  their  bocks  against  the  viscid  stif^ma 
of  the  flower  and  obtuin  glue ;  then  a{;ainst  the  pollen^ 
iDaeMs,  whicliarutliuHfttick  totlwback  of  the  bee  and  car- 
away. '  "Wheo  the  bi«f,  so  provideil,  flic*  to  another 
',  or  to  the  same  flower  a  second  time,  and  is  pushed 
its  ooniradeB  into  the  bucket,  and  then  crawls  out  by 
tlie  panage,  the  poUoo-mass  upon  its  back  necessarily 
mines  firnt  into  contact  with  tJio  vireid  etigma,'  _whidi 
takes  up  the  pollen;  and  this  is  how  (hat  orchid  is  fertil- 
ued.  Or  take  tliia  otlieroaseof  th«  Cuffuflam.  *Iieea 
vt»t  tlieM  flowers  in  order  tognawthelaWllum  ;  in  doing 
this  they  inevitably  touch  a  long,  t.-t}>iiriiig,  sensitive 
projection.  This,  when  touched,  transmits  a  sensation  or 
vibration  to  a  certain  membrane,  which  i*  iiiftniitly  rap- 
tured, frtting  free  a  spring,  by  which  the  pollen-roaas  is 
aiiot  Totlh  like  an  arrow  in  the  right  direction,  and  adheres 
hf  its  viscid  extremity  to  the  back  of  the  1>ce.'  In  this 
way  the  fKriiliaing  pollen  is  tpre^  abroad. 

It  i«  the  mind  tlim  stored  with  the  ofaoicc«t  materiab 
of  the  ifilcologift  thitt  rejects  teleology,  sfNiking  to  refer 
tboM  woudcnt  to  natural  caiisco.    They  vl\vv«ti%tet^cat'^^% 
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to  him.  Ihe  method  of  U[ttiu«,noi  tho*t««linie*  of  a  nan- 
like  Artificer.  The  beauly  of  flowen  ii  dtwtuiMtaiil 
selection.  Those  that  diBtin^uisb  themselves  hj  vindlr 
coDtiSfiti&f;  colours  from  the  eurrooading  gnea  learei  an 
wttt  n-udilf  xucn,  tno«t  froriucntl;  visit«d  by  inaeds,  sunt 
often  fertilitcd,  and  hence  mostbroured  by  natttral  nle^ 
Hon.  Coloured  berriee  also  readily  attract  tbe  attantiM 
of  biida  and  beasts,  vhich  feed  npon  them,  spn»d  tbetr 
manured  eeeds  almmd,  thus  giviof;  titet  and  wtnibt 
posseceing  such  borries  a  greater  chance  io  the  strog^ 
for  czistcnee. 

Witli  profound  analytic  and  xjntlwtic  skill,  Mr.  Danri^ 
iuve»ligatea  the  cell-tnalcingimtinct  of  tluj  hive-be*, 
method  of  dealing  with  it  ii  repreaontative.  He  UU 1 
from  the  more  perfectly  to  the  leas  perfectly 
instinct — from  the  hive-bee  to  the  humble  boe,  vfaick 
uses  its  own  cocoon  as  a  comb,  and  to  classes  of  beea  af 
iutCTTCietlialo  skill,  eodeaTouriog  to  show  bow  the  paaay 
might  l>e  gndiiitlly  made  from  tbo  lowest  to  tbe  bigbeiL 
The  saving  of  wax  is  tbe  moM.  important  point  in  tbc 
economy  of  beet.  Twelve  to  1ift«cn  potmds  of  dry  mgai 
are  said  to  be  needed  for  the  soerelion  oi  a  single  poun) 
of  wax.  Tbc  quantities  of  nectar  necessary  for  the  wa* 
munt  thcruforebc  vast;  and  every  improTpment  of  eonatrvo- 
tive  instinct  which  remits  in  the  saving  of  wax  is  adiivcl 
profit  to  the  insect's  life  Tlie  tim«  that  would  gthenriic 
be  devoted  to  the  making  of  wax,  Ik  now  derotcd  to  ike 
gathering  and  storing  of  honey  for  winter  food.  Mr.  Danra 
pussos  from  tho  bumble  beo  with  its  rude  celU,  throcxii 
the  Iklelipona  with  its  more  artistic  cells,  to  tbe  biiexle* 
with  it«  astonishing  ardutecture.  Tlic  bees  pbra  Ibav 
selves  at  equal  distances  apart  upon  tho  wax,  swcwp  aad 
excavnte  oqtsd  gpliores  roond  the  selected  pntnts^  Tbe 
spberrs  intersect,  and  tbe  plane*  of  iotereMtlnB  are  bmk 
up  with  thin  kminn^     HoxagoDal  cells  are  tbni  formvl 
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This  mofle  of  treating  such  queetions  is,  as  I  have  eaid,  re- 
pn^entativc.  The  oxpo«itoT  habituuUy  retires  ^m  the 
more  perfect  and  eomplex,  to  Utft  !(««  p<>rfi»ct  and  simply 
aod  carrieii  jou  with  him  through  tiUgM  of  per/eeti ng-'^^B 
ir<eretneiit  to  increment  of  Jnliniteaimal  change,  tcoA  in 
(Ilia  waj  gmdnally  hroaksdown  your  roluctanoe  to  admit 
that  the  <-xqtiiHit4!  climiix  of  th«  whole  could  be  a  n»iult  of 
nattini  lelvction. 

Mr.  D&rwin  shirks  no  difficulty ;  and,  Mtutatod  oa  the 
rttliject  was  with  bis  ovn  thought,  he  mutt  have  known, 
beitor  than  his  critics,  the  weakness  aswellaa  the  strength 
of  his  theory.  This  of  course  wotUd  be  of  little  aTsil  wen  1 
his  olject  a  tempornTy  dialectio  victory,  instead  of  the  I 
aatabli'hnienb  of  a  truth  which  he  tncaon  to  be  overlaat- 
tng.  But  be  takes  no  paina  to  dtMgrifM!  the  weakness  he 
Itu  discerned ;  nay,  he  takes  every  pains  to  bring  it  into 
th«  strongest  light,  Uis  vast  resources  enabin  )iim  to  oope 
with  objections  started  by  himself  nnd  others,  ko  as  to 
leave  the  final  impression  upon  the  rcAder's  mind  that,  if 
thc^  be  not  completely  answered,  they  eertuinly  are  not 
fatxi.  TlM'ir  n<^t4ve  force  ln-ing  (b«»  d««troyed,  you  are 
free  to  be  influenced  by  lite  vast  positive  mass  of  (ivid<jnco 
he  is  able  to  bring  before  you.  This  largencM  of  know- 
Mgo,  and  readiness  of  resource,  render  Mr.  Darwin  U\«  ' 
moti  terriblo  of  antagonists.  Accomplished  nnturali»t« 
have  Itvelli.'d  heavy  and  snstjiincd  c-ritioisms  agniuathim— 
not  always  with  Lbe  view  of  fairly  weighing  hiit  theory,  but 
wltlt  tlie  expreM  intention  of  exposing  its  weak  points 
only.  This  does,  not  imtato  him.  Ho  treats  eveiy  ob- 
jection with  a  Eobeniofls  and  thoroiigbnM*,  which  even 
Bixhnp  Itutlcx  might  bo  proud  to  imitate,  Kurrounding 
Boch  fact  with  ifa(  appropriate  detail,  placing  it  in  il« 
proper  rclntion*,  and  usually  giving  it  a  signiticanoe 
which,  aa  lung  as  it  was  kept  isolated,  failed  to  appear. 
This  u  dose  wilhout  a  trace  of  iU-tem^t.    \\«YU^«a 
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over  Uie  siiljcci  with  thepawdoalcwctreDgth  of  agLcior; 
and  Lhe  grinding  or  the  rocks  is  not  alwayii  witboiit  ■ 
counterpart  in  the  logical  pulTerlsation  of  tlte  objoctfir. 
But  though  in  bundling  Uue  mighty  theme  all  paft»iaa  hu 
been  stilled,  Uivn  U  an  emotion  of  the  intellect,  iiuidatt 
to  the  discernment  of  Dew  tnith,  which  oft^n  colaan  and 
waims  the  pageaofMr.  Darwin.  Ills  kiidccm  has  bea 
gr^t;  and  this  implioe  not  only  the  solidity  ofhtf  work, 
but  the  pTc[Hticdni;ss  of  the  public  mind  for  such  a  rcreb- 
tion.  On  tbia  li«ad  a  leoiBrik  of  AgacEiz  impnMrd  as 
more  than  auyiliiog  eUe.  Spnmg  from  a  race  of  tbeol»- 
giana,  tbii  G«lebfat«d  man  combated  to  the  laat  tlw  U1M17 
of  natural  Belection.  One  of  the  many .  times  I  had  the 
pleasure  of  meeting  him  in  the  United  States  was  at  Ur. 
Wintbrop's  beautiful  reddonce  at  Brookline,  near  BostM. 
Itiaing  from  luncheon,  we  oU  halted  as  if  by  connwn 
coDseot  in  front  of  a  window,  and  eontinued  there  a  dt*- 
euBsion  which  bad  been  started  at  tabic  The  maplo  m 
in  its  autumn  glory ;  and  the  cjcquisite  beauty  of  the  acute 
outside  seemed,  in  my  case,  to  interpeDetrat«  without  dii- 
torbanoe  the  intellectual  action.  Eaneetly,  almost  ndlji 
AgsssU  turaod,  and  said  to  the  gentlemen  staivdiiig  rouad. 
'  I  oonfe^  that  I  wu  not  prepared  to  see  thia  tbe«T 
received  as  it  baa  been  by  the  biaat  intellects  of  our  tiiv. 
Its  success  is  greater  than  I  oould  have  thuught  pombU^ 


In  our  day  grand  genciaUEatiooa  have  been  reaefatd. 
The  theory  of  the  origin  of  species  is  but  one  uf  Omn, 
Another,  of  still  widt-r  gnup  and  more  radical  fijpifif  iht, 
is  the  doctrine  of  the  Conaervatioa  of  Energr,  the  *ki- 
mate  philosophical  issues  of  which  are  ai  yei  but  dinly 
seen — that  doctrine  wMcb  'binds  nature  fast  in  fata 
an  extent  not  hitherto  recognised,  foncting  from 
antooedent  its  fK|iiivalcnt  oonsequrat,  fnan  every 
qucnt  its  et^uivalcnt  auteix-dcat,  and  bringii^  Tital  a« «ifi 
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lyrieal  phenonnma  under  the  domimon  of  that  law  of 
conitecfioD  wtiirh,  so  fiur  b4  tlie  human  ondcntaiid- 
hu  Tpt  picrc«),  vKcrtA  itjelf  evetyvhiyre  in  nature. 
in  advance  of  all  definite  experiment  upiin  the 
jeot,  the  oonstaney  and  indestmctibility  of  matter  had 
affirmed  -,  and  all  sulweqncnt  csperience  justified  the 
'Sfiimuition.  Majcr  ^xt^1ll^^^d  the  at  tribute  of  indestructi- 
bility to  force,  applying  it  in  the  firet  inxtancw  to  inoiganio, 
and  aft«rwardis  wilh  profound  insight,  to  organic  nature. 
The  T^^etable  world,  though  drawing  almost  all  ita  nutri- 
ment from  invinible  sonrcn,  wao  proved  iDcompctcnt  to 
gencrato  anew  either  matter  or  (i>rcc.  Ita  matter  k  for 
the  mott  part  tranHiniited  gas;  its  force  tramfurmftl  solar 
force.  The  animal  world  was  proved  to  1«  equally  nn- 
creative,  all  its  motive  cnorgies  being  referred  to  the 
combustion  of  its  food.  The  activity  of  rach  animal,  as  a 
whdJe,  wnfl  proved  to  hn  tJn'  transfcrrod  activity  of  its  mole- 
c*.  "Hk:  muw-le«  were  vliovn  to  be  stores  of  mechanical 
',  potential  until  nnlooked  by  the  nerves,  and  tiwa 
Iting  in  muscular  contractions.  The  speed  at  which 
fly  to  and  fro  along  the  nerrca  was  determined, 
found  to  be,  not  as  had  been  previously  supposed, 
eqtial  to  that  of  light  or  eWtrioily,  Imt  lejst  than  the  speed 
sivnnd— tea>  even  Mian  that  of  a  flying  eagli% 
This  was  the  work  of  the  physicist :  tiien  cnmc  the  con- 
of  the  comparative  anntomirt  and  physiologint,  re- 
ig  the  ttTuctum  of  every  animul,  and  the  function  of 
organ  in  the  whole  biological  Kriea,  from  the  lowert 
ihyte  Dp  to  man.  The  nervous  svslem  had  been  made 
object  of  profound  and  continued  study,  the  wondcrfnl 
and,  at  bottom,  entirely  mystirrions  controlling  power 
which  it  cxen-iseH  over  Ow  whole  oiganittm,  physical  and 
menial,  Wing  recognimd  more  and  more.  Thought 
eoold  not  be  kept  hack  from  a  subject  so  pTofoun{tly  siig- 
gective.    Berides  the  physical  life  dealt  tiMt'^  Vi^  "^t. 
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Darn-in,  there  U  a  paycbical  life  preieatiBg  dmilar  fnik- 
tionis  and  asking  equally  for  a  solation.  Hew  u*  Um 
(liflTerent  giad«B  and  orders  of  Alind  to  be  sccouated  far? 
^Imt  ia  the  princiiilo  of  gTLwth  of  tlmt  mytteriOR*  poircr 
whkJi  on  our  planet  oulmiDatea  in  Reason?  TImiw  are 
queMioQs  wliioh,  though  not  thrusting  tbemachcfl  «o 
fordb);  upon  the  attention  of  the  genoml  pulilic,  had  oat 
only  occupied  many  reflecting  miD^ts,  but  had  been  1 
iDully  broached  by  one  of  thom  bi^foru  the  'Origin 
Speoi«« '  uppfrarod. 

WitJi  the  mass  of  mat«riak  fumtahed  by  t)i«  ph 
and  physiologist  in  his  bands,  Mr.  Herbert  Spenca^ 
twenty  years  ago,  soogfat  to  graft  upon  this  bssia  a  mtop 
of  psychology;  and  two  yean  ago  a  eecond  sod  gnatly 
amplified  edition  of  his  work  appesared.  Those  who  h»i* 
occupied  theRUNstTcs  with  the  Iwuutjful  rxpviiraoDta  «f 
PUteaa  will  remember  that  whi''n  two  sphemlca  at  «liiv 
oil,  sospcoded  in  a  mixture  of  alcohol  and  wattir  of  th» 
same  dooEily  aa  the  oil,  are  brought  tngetfaer,  thc^  do  nat 
immediately  unite.  Somethiog  like  a  pcllielo  appean  la 
bo  formed  nround  the  drops,  tho  ropture  of  which  isi 
diat«ly  followed  by  tlie  cnalcwcenno  of  the  globules 
oao.  There  are  organimu  wbene  viul  actions  are  a1 
as  purely  physical  as  that  of  these  drops  of  oiL  They 
into  contact  and  ftuc  tbeniselTes  thus  to;:etber.  Frxia 
such  organisms  to  others  a  shade  higher,  from  tbiao  to 
other*  a  diadc  higher  still,  and  on  through  aa  crer  asennl- 
ing  series,  Mr.  8penoer  conducts  his  arguucnL  Thar 
are  two  obvious  iactors  to  be  here  taken  iolo 
tlic  creature  and  the  medium  in  which  it  Um.  or,  as  it 
often  expn-wcd,  the  organism  and  its  euTironm^mt. 
Spencer's  fundamental  principle  b,  that  1 
two  (actors  there  is  iiKeannt  intametion. 
is  played  upoo  hy  the  taivin>nment,  and  i. 
meet  tlie  rct^uiremeaU  of theennroamonU    Lite  hcdcSsi 
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'a  ooaUauou*  uIjuEltoont  of  internal  relftUou  to  ex- 

In  th«  lowwt  o^aiiitfing  wo  bave  a  kind  of  taetual  seDH 

difTosed  over  the  entire  body ;  then,  through  iropressions 

from  without  and  their  eorTestpoiuliug adjustments,  special 

portions  of  the  sor&ce  become  more  refpoosivo  to  stimuli 

than  others.    The  senses  are  naseent,  t)ie  liasis  of  all  of  them 

being  that  rimptc  tactual  sense  vrhicb  the  sage  Democrittu 

recogn{«ed2,SOOjc«nagoasthcircommonprogeuitor.  The 

action  nf  Uglit,  in  the  iint  instance,  appears  to  be  a  mere  dla- 

turbaDce  of  the  chemical  proccAsca  in  tJic  snioial  organism^ . 

similar  to  tbatwiiicli  occur^iin  theleave«ofplaut«.     By  d^ 

grecs  tlie  action  becomes  localised  in  a  few  pigroent-cclls, 

more  sensitive  to  light  than  the  surrounding  tiMue.     The 

eye  is  incipient.     At  tiret  it  U  merelj  capable  of  revealing 

differences  of  light  and  shade  produced  by  bodies  cIom 

at  haod.     Followed,  as  th«  istercepUon  of  the  light  it,  in 

almost  all  coses,  by  the  contact  of  the  dosi>ly  adjiurunl. 

opaque  body,  sight  in  this  condition  beoomea  a  kind  of 

*  anttcipntory  touch.'    The  adjtistmcnt  continues;  a  slight 

ulging  otit  of  the  epidermis  over  the  pigment-granules 

perrenc*.     A  IcflS  is  incipient,  and,  tlirougb  Uio  opera- 

on  of  infinite  adjustments,  at  length  reaches  tJie  ptufec- 

tion  that  it  di.iplays  in    the  hawk  and  eagle.     So  of  Uiu 

oilier  senses ;  they  are  special  differentiations  of  a  tisxuo 

which  waj  originally  vaguely  eenaitive  all  over. 

_     With  the  development  of  the  senses,  the  adjustmenta 

Btwc«n  the  organism  and  ita  environment  gradually  ex- 

ftnd  in  fpace,&  multiplication  of  experiences  and  a  corro 

Konding  modification  of  conduct  being  the  retult.     Tho 

■^nstments  also  extend  in   tim«,   covering  ooutinually 

Bvater  inten-aK     Along  with  thix  extension  in  sfiaee  and 

ftoe  the  adjti*1rwnls  »1m>  increase  in  speciality  and  com- 

Pexity,  passing  tbnttigh  the  various  grades  of  brute  life, 

and  prolonging  tbeinselre«  into  the  domain  of  reason. 
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Vwry  striking  &re  Mr.  Spencer's  rcnaj-kn  rrgardiog  Ibe 
fluence  of  the  cetteo  of  touch  upon  the  developoieot 
int«Ui^eiic«.     Tbis  is,  so  to  say,  tha  motber-toDKna  of  iH 
tbe  sotuee,  iobo  wbicli  ihey  must  be  tranfUttd  to  bg  of 
Bcrrico  to   thtt  OTgaoittm.     Hence  its  importanee.    IV 
parrot  \i  tbe  tni)«>l  intelligent  of  birds,  and  ita  tactoal  powrr 
is  also  greatest.   From  tliis  Knae  it  gets  knuwkdge.  unat- 
tunable  by  birds  wliich  eaanot  employ  tbcir  fbet  as  baodt 
The  elqthaiit  is  tbc  most  sagacious  of  quadrtipeds — it* 
tactnal  range  and  skill,  and  tb«  consequent  muItiplicatiAn 
of  oippTJmt'O^,  wliich  it  owvs  to  its  wooderfiilly  adaptafab 
trunk,  being  tbc  Inxts  of  lU  agacity.    Petttie  animaU,  for 
a  aimiUr  cause,  are  ntord  sagaoioos  than  hoofed  animalfi 
— atonement  being  to  wnue  extent  made  id  tbc  case  of 
the  horse,  by  tbe  poesesnoo  of  sensitive  prdMnrile 
Id  the  Pnmaiea  the  evolution  of  intellect  and  the  evo. 
tioo  of  tactual  appendages  j(o  hand  in  band.     In  th?  lau^ 
intelligent  anthropoid  npus  wc  find  tbc  tactual  nngo  aaJ 
delicacy  greatly  augmeated,  new  aveaiirs  of  knowlcdgv 
being  thiu  opened  to  tbe  animal.     Man  crowns  the  edifice 
here,  not  only  in  virtue  of  his  own  manipolataty  povrr, 
but  through  tbo  cnormoos  extension  of  his  range  of  tx- 
pericDoc,  by  the  invt^iition  of  in*tninicnUi  of  pnscudts, 
which  serve  as  supplemental  senses  and  uippteo>CDtal  Umb& 
The  reciprocal  action  of  these  is  finely  deseribed  and  iDttt- 
ttat«<l.     That  cbaet«n«d  intcltc^tual  emotion  to  wfaicb  I 
have  referred  in  connection  with  Mr.  Darwin,  is  not  abwol 
in   Mr.  Spencer.     His  iltustiations  possess  at  times  ex- 
ceeding vividness  and  force ;  and  from  his  style  on  aiicfa 
ocoasions  it  is  to  be  inferred,  that  the  gangli^i   ■'   -^-^ 
Apostle  of  Uio  Understanding  are  sometimes  the 
nascent  poetic  t brill. 

It  i»  a  fact  of  suprrmt'  Iropnttanoe  tbut  - -=,  tl» 

performance  <^  whicli  al'  fmt  requlrts  even  |  .  Sort 

and  deliberation,  may,  by  habit,  be  reodered  auUnoatia. 
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ntntris  tli«  rliiw  Iciirtiing  of  lu  K-tlcri  by  u  cLUd,  and 
'  KiilMrqueot  faciiit;  of  reading  in  a  man,  when  cocb 
ip  of  letters  which  forma  a  word  is  inrtittilly,  am)  with- 
effort,  foBed   to  a   singile  p<>rceptjan.     InHmivo  tlia 
player,  vhoso  muscles  of  band  and  eye,  when  he 
chfl*  the  perfection  of  his  art,  are  uncongpiouelv  co-ordi- 
fuRtance  Uio  taiixiclan,  who,  hy  prnctioc,  it  on- 
to  fuao  a   mnUittidfl   of  arrangctnentit,  auditory, 
taal,  and  muscular,  into  a  procesa  of  automatic  mmii- 
aUon.     Combiniug  sach   facia  with   tlie  doctrino   of 
iitaiT   tninnnigsion,   wo  reach  a  theory  of  Instinct. 
chick,  after  coming  out  of  ihc  egg,   haluncL'S  itfclf 
Dtlr,  runs  aliotit,  pick*  up  food,  IhuM  nhowing  that  it 
sacs  a  power  of  directing  it«  moremonts  to  definite 
ida.     How  did  the  ebick  learn  this  verj  eamfiex  co- 
lination  of  aye,  muscles,  and  boak  ?    It  has  not  been 
Itvidunlly  taught ;  its  pcr«iRaI  oxpcrienco  is  nil;  but  it 
I  the  hcQofit  of  ancestral  cx]>i'Tit!ncic     In  its  inherited 
jiiiQttion  arc  rcgiiit«rcd  the  powers  which  it  displays 
birth.     80  alito  as  n^aids  the  instinct  of  the  liive-be«,   1 
dy   referred  to.     The  distance  at  which  the  insects  ^ 
nd  apart  when  they  sweep  their  bomisphcm  and  buitd 
lieir  cclU  is  'or;;anically  rcmcmb«Mrd.'     Tilan  also  carries   1 
hth  him  th(!  pUystcul  tcxtnro  of  his  auoostry,  as  well  as  1 
the  inheritMl  intvllcot  bound  up  wiUi  it.    The  defects  of 
liilelligcnce  during  infancy  and  yotilli  aro  probably  less  J 
^diie  to  a  tack  of  indi^idllal  eiperienc:*^  than  to  tht^  fact  i 
^■tat  in  early  life  the  cerebral  organisation  is  still  incom- 
^Htak     Tlu-  pcriiid  necnsary  for  completion  varies  with 
^^Kfttcc,  and  nit)i  th«  individual.     A*  a  mund  shot  out- 
«lripe  a  rified  ImiH  on  quitting  tlie  muxxle  of  Iho  gim.  an 
hgb»  lower  raco,  in  childhood,  may  outstrip  the  higher.    Bui  J 
^ne  higher  eventually  oTortakes  the  lower,  and  rirp«ui>«s  1 
it  in   range.     A*  regordu   inrlividuals,  we  do  not  always 
Sod  the  pnvoritjr  of  youth  prolonged  \i>  mocVaY^jtw^-x  \w 
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nuUirity ;  while  the  diilues  of  boybood  U  wtnetiinel 
sl.rikingl}-  contrasted  with  the  jntcllectuul  taiergy  of  sfter- 
years.  Kcwtoo,  vhen  n  bo;,  vss  mskl;,  sod  bo  ibuBvil 
no  poiticul&r  itptitud«  at  Kbool ;  but  la  lu»  cightomtli 
li«  wctit  to  Cambridge,  and  souo  aft«rvardr  nMoaisbrd 
hiB  Uacbvn  by  his  ])awer  of  desliug  witli  geumclrwal 
proUaau.  During  his  quiet  youth,  his  brain  was  «la«l; 
iag  itwlf  to  bo  the  orgaa  nf  tJiosa  cnctfries  wbJefa  h^ 
lubeequeiiUy  displayed. 

By  myriad  blow*  (to  use  »  Lucratian  pbnu*)  tb» 
I  asd  supovoription  of  the  extoto&l  wotld  ate  ■'■Wf*^ 
states  of  consciousness  upon  tbe  organism,  the  depth 
of  the  impTeMion  depending  upon  tbu  number  of  the  Uv>^ 
\\'ti«n  two  or  more  pbonomonik  occur  in  the  eavtnmiNaft 
invarisbly  lof^cUivr,  tbvy  are  ttampcd  to  tbo  moe  deptk 
or  to  the  same  relief,  and  indissolubly  connected.  And 
litre  wv  comu  to  the  tltretth^tld  <>f  n  grrut  qiMatjtm.  So^ 
iiig  thttt  he  could  iu  no  way  tid  bitDM.-lf  of  the  eooaaaut- 
DCM  of  iSpace  and  Time,  Kant  assumod  Ibem  to  be  iiMC» 
saiy '  formii  of  intuition,'  tbe  moulds  and  shape*  iofa 
which  our  intuitions  are  thrown,  belonging  to  onradve*, 
and  without  objoclive  ciixLence.  With  mieipected  power 
and  siioccvK  Mr.  Speutwr  bring*  tito  hrroditarj  experi- 
ence tlieory,  as  be  bolda  it,  to  bear  upon  this  iptnliafi. 
*  If  there  eiist  certain  external  relations  which  aro  expert* 
cnced  by  all  organisms  at  all  instants  of  their  wajcii^ 
lives— relations  wliich  are  abcolutvly  constant  and  uni- 
vi^rxal— tJiere  will  bit  ectablinhc^  aiuwciiDg  interval 
relations,  tltat  are  absolutely  constant  and  iinivcimL 
Such  relations  we  have  in  those  of  Space  and  TiV-  *• 
the  subftratum  of  all  oth«r  relations  of  the  Non-t" . 
must  be  r<-«pou(]cd  to  by  conceptions  Lbnt  are  lh«  tul^ 
strata  of  all  olht-r  rv^lationi  in  the  I^-  Bf4nj;  the  cv3- 
•tuit  and  intioit^ly  repeated  elements  of  thungbl, 
moA  becomo  the  automatic  elements  of  thought — tbe 
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I  of  thought  which  it  is  impnesible  to  get  rid  vF— tba 
as  of  intuition."' 

Tbrongbout  this  application  niid  pxtonsion  of  HaT\iej*a 
Mill's  '  \mw  of  Insopainblo  Awociation,'  Mr.  Spencer 
nda  upoD  bis  oim  grouiui,  invoking,  iiutiad  uf  ttict  cipcri- 
enoes  of  the  individual,  the  registered  experieoecs  of  th« 
noe.  Uis  overthrow  of  the  restriction  of  exi>eiience  to  the 
iodiridual  i*,  I  think,  complete.  That  restricUon  ignores 
lh«  power  of  orf^msing  cxp«n«Micc,  furnished  at  the  out- 
sot  to  oach  individual;  it  ignore*  tli«  diffl^reiil  di-gre^i  of 
this  power  podseased  by  dilTercnt  raooe,  and  by  different 
individuals  of  the  saine  race.  Were  there  not  in  the 
human  brain  a  potency  antecedent  to  all  expcrien<»,  a  dog 
or  ■  cat  ought  to  be  as  capable  of  education  as  a  man. 
The«c  predetermined  internal  relations  are  independent  of 
tfaii  experiences  of  the  individual.  The  huinnn  brain  is 
tlie  '  organi*ed  raster  of  infudtely  niimi^ruim  tixperieneos 
received  during  Ibo  evolution  of  life,  or  rather  during  (he 
evolution  of  that  series  of  organisms  through  which  the 
human  organism  baa  been  reached.  The  cS'cets  of  the 
most  uniform  and  frequent  ef  tliese  cxperienocs  have  boon  ' 
snocessively  be<t[ueathed,  principal  and  interest,  and  liare 
^lowly  ntounti'd  to  tliat  high  intelligence  which  lieM  latent 
in  the  brain  of  the  infant.  Tliiu  !t  luippeni  that  Uiu 
Kuropean  inhl^rits  IVom  twenty  to  thirty  eubic  inobes 
more  of  brain  than  tbe  Papuan.  Thua  it  happens  that 
laenllies,  as  of  mu«c,  wbicb  Bcarc<ely  exist  in  eomo 
inAtfior  raoc«,  become  eoDgenital  in  superior  onea.  Thus 
It  liappriiM  that  out  of  snroges  unalili;  U>  count  up  to  the 
nomber  of  their  fingers,  and  speakinf;  a  language  con-  ' 
tainini:  only  nouns  and  verbs,  arise  at  length  our  Newtons 
■nd  Shskspearcs.' 

At  the  outset  of  this  Address  it  was  stated  that  physi- 
eal  tbeorin  which  lie  beyond  experience  are  derived  by  a 
proccas  of  aljistraclion  from  experience.    Vt  u  vuhrotiui.-^^. 
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to  note  from  ih'it,  point  of  view  U»  sncocffiive  introductic! 
of  n«w  conceptions.  Th«  idea  of  the  nttradioo  erf  gt»v 
tuition  waa  preceded  hj  the  ahsannUaa  of  the  attnctjoifrj 
of  iron  by  &  iniign«t,  and  of  tiglit  bwlivs  hj  rnld 
amber,  fhc  poloritj  of  magnetisoi  and  eleotricil; 
appealed  to  the  •onws.  It  thos  became  Um  atihitnitam  of  i 
the  conception  that  atonit  and  molcsuilM  are  endowed  witii 
utlnLGiivo  and  repellent  poliK,  by  tlio  play  of  vtiioh  de- 
finite fonos  of  crystalline  ardiileetiire  nie  prodnctd. 
1'hus  molecular  foicc  becomes  stru^uraL*  U  rcquind  no 
great  boldni-ss  of  thought  to  extend  it«  play  into  orgaBtt^H 
TiiituTc,  and  to  revogniM:  in  molecular  force  (lie  ag«-Dcy  by^^ 
vhich  both  pltintfl  and  animal)  are  built  np,  lo  thii  my, 
ftHt  of  experience  arise  conceptJoos  which  arc  wholly  nltn- 
exporiential.  ?(one  of  the  atomist«  of  antiquity  bad  ny 
notion  of  tliiii  piny  of  molecuhir  polar  foroe,  bat  they  hid 
(^jM-ni-ncc  of  gravity  as  manifnlcd  l>y  fiiltin|;  boJin; 
Abirtjacting  from  Ibis,  they  pi-rmitlcd  tbt-ir  atoms  la ' 
eternally  through  empty  space.  D^mocritun  axsuiDfid  i 
the  larger  atoms  moved  more  rapidly  than  tljft  smallt 
ones,  wbicb  they  therefore  could  oveitake,  and  vritb  which^ 
they  coutd  combine.  Eptcurns,  holding  that  empty  ^paoa 
could  cITcr  no  rcnixtaucc  to  motion,  BScnlMw)  to  all  tte 
utoiiu  the  KUQC  velocity ;  but  lie  Kcms  to  hare  ore 
looked  the  consetjnence  that  under  g»ch  dreumstaDOo  tl 
atoms  could  never  combine.  Lucretius  cut  th«  knot  by 
quitting  the  domain  of  phymcs  altogether,  and  eam&if; 
the  atoms  to  move  together  by  a  kind  of  rulitioo. 

Was    Ums    instinct    utlorty    at    foult    which    cansed 

tiiicrctiiis  thtis  to  swerve  (mn  his  own  :■ ••'tf 

minishing  gradually   the    niLmber   of    ,  <is, 

Darwin  comes  at  length  to  one  *  primordial  tbrm;'  biit  i 
doc*  not  My,  m  Imr  a«  I  renieinlMT,  huw  be  sapptMc*  tl 


'm 


mta 

-i 


•  SocAn.  Vm..p4rtlU«<llikn>lnMiWl«t:MMi»tl^'IU. 


TUB  BKLPAST  AOUBESS. 


BSH 


to  baro  been  introdiwod.  Ue  quot«e  with  satts- 
lacUoD  the  wonl*  of  a  cclobratcil  author  uod  divine 
vko  bod  '  gmdually  leamt  to  see  that  it  wa*  jmt  m  qoI>1« 
a  ooDoeptJon  of  tlie  Deity  to  believe  He  created  a  few 
original  forms,  capable  of  »clf-developmEnt  into  other  and 
needful  forms,  as  to  bvlicvo  He  required  »  fre«h  act  of 
creation  to  supply  the  voidx  c»iim.-<1  by  tbc  uctioo  of  Ilts 
lawv.'  WliM  Mr.  Darwiu  tJiiok.i  of  thia  view  of  the  iobo- 
duction  of  life  1  do  not  knov.  But  the  aathropomorpltlnD, 
which  it  seemed  Im  object  to  tct  aside,  la  as  firmly  aiwo- 
ciotcd  with  the  cicatioa  of  a  few  forms  as  with  the  cieation 
of  a  inuUttud«.  We  seed  clran>ese  and  thaTou<;hDc«B  liere. 
Two  ooutwc  and  two  ouly  are  possible.  Either  let  us 
open  our  doon  freely  to  the  conecpUoD  of  creative  act«, 
or,  abandoning  them,  let  us  radically  efaaoge  our  notioos 
of  Matter.  If  we  look  at  matter  as  pictured  by  Deiiiocri* 
tttfi,  and  as  defined  for  generntions  in  our  scientific  text- 
books, tiie  notion  of  consoiouH  life  coming  out  of  it,  cannot 
be  formed  by  the  mind.  The  ai^iinent  placed  in  the  mouth 
of  Bishop  Butler  suffioes,  in  my  opinion,  to  cmsli  all  ntcli 
materialigm  as  this.  Those,  however,  who  framed  theee 
definitions  of  mattiT  were  but  partial  students.  They  were 
oot  biolo^fits,  but  niuthemuticiiinK,  «bo«c  labours  referred 
only  totuch  occidenU  and  projMrties  of  matter  as  could  be 
expressed  in  their  formula.  Their  iwiencc  was  mechanical 
■ciepce,  not  the  ecienoe  of  life.  With  matter  in  its 
wholeness  tbey  never  dealt;  and,  denuded  by  their  impcrw 
feet  dcfiDitioDs,  *  the  gcntUt  mother  of  all '  became  tho 
object  of  lieT  children's  dread.  Let  us  reverently,  but 
honestly,  look  tlw  question  in  the  face.  Divorced  from 
nutter,  where  is  life  ?  Whatever  our  /aUh  may  say,  our 
\nmeUdg«  shows  them  to  be  indisKohibly  joined.  Every 
neol  we  eat,  and  every  eup  we  drink,  iUustnitet  the 
myiloriMU  control  of  Mind  by  Atatter. 

On  tracing  the  line  of  life  backward*!,  wc  see  it  ap> 
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proDcliing  more  and  more  to  wliat  we  call  the  purely  phTi 
cal  coiidiiioD.  Wecomeat  longtbto  those  organunuwluci 
1  have  compared  to  drops  c^  oil,  suspended  in  a  mfstun  d( 
alcohol  un<l  water.  Wo  reacli  the  pm/of/^ws  of  HwdEd, 
in  whioli  wc  liavu  '  a  type  diHtitigiushalilK  fruui  a  Dngtuot 
of  albumen  onljr  by  ita  finelj  graniilar  chamcten*  Caa 
re  pause  here  ?  We  break  a  magnet  and  find  two  ptlc* 
each  ot  iU  fragmcoUL  We  coDtiiDic  tliv  procraa  tt 
breaking ;  but,  hamivex  small  Um  part«,  each  carriei  witk 
it,  though  enfeebled,  the  polarity  of  the  wholei.  And 
when  we  c«ii  break  no  Imiger,  we  prolmg  tbe  uttdkotnl 
vision  to  the  polar  molecules.  *  Are  we  not  urfjcd  to  d» 
evmethiug  aittihiT  in  the  caMof  lifv?  Is  then  not  a 
tftrnptatioD  to  cliwv  to  «odq«  extent  wilb  LuoHitu,  when 
be  af!inn<  that  *  Nature  it  seen  to  do  all  things  >pDnu- 
Lseously  of  herself  without  the  meddling  of  the  god*  ? '  or 
Bruno,  when  he  declares  that  flatter  is  not  *Uu( 
empty  eapacUy  which  pbiloaopben  lisra  pictund 
to  W,  but  the  unirersal  mother  who  brings  forth  aO 
things  as  the  fruit  of  her  own  womb?'  Bclk-ring  a*  I 
dn,  in  tbe  eontinuity  of  nature,  I  cannot  stop  abrapUy 
.wlicre  our  microscopes  cease  to  be  of  use.  Here  the 
visiao  of  the  mind  authorltutirely  supplementa  the  Tbaca 
of  the  eye.  By  an  intellectual  neceaoily  1  mm  tbe 
jary  of  the  cxpurimculal  evideocci'  anl  diocetB  is 
flatter  which  we,  in  our  ignaraace  of  ita  lateat 
powers,  and  notwithstanding  oar  professed  iwer^iwa  far 
I  ita  Crciitor,  have  hitherto  covcml  with  oppmhrinm,  the 
piomlM  and  potency  of  all  tcrmtlrial  Lif«. 

If  you  ask  me  whether  there  eu«ta  the  lout  nridvp* 
|iu  prove  that  any  form  of  life  can  be  developed 
'matter,  without  demonstrable  aateccdmt  life,  my 
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Oat  eridenoe  eoDsldfrmd  {wrfecUy  ooncluvtvc  hy  mitQy  has 
been  adduoed ;  and  Uiat  were  9ui»g  of  um  «Iiu  liiivo  pon- 
dered this  quMtjoQ  to  follow  a  vei;  common  example,  and 

pt  t«»timoiiy  because  it  falle  in  with  our  belief,  wu 
ehould  eagerly  cliMe  wttli  tW  cviili'iioc  rvfi-TTMl  tn. 
But  tliere  is  in  the  true  roan  of  science  a  desire  Htrongirr 
than  tJie  wish  Ut  have  bia  beliefs  upheld ;  nanifily,  the 
desire  to  have  them  txu^.  And  this  gtronger  wish  cauMH 
him  to  reject  the  most  plauxible  support,  if  be  has  reason 
t«  Kiwpcct  that  it  is  vitiated  by  error.  Those  to  whom  I 
rdvr  ftfl  liAviiig  studied  this  qiH^tioDf  bclk-ving  the  vvidoueo 
ofl«red  iu  fevnurof 'spontaiiMus  gtucration '  to  be  thus 
vitiatoil,  cannot  a«ce]>t  it.  I'ht-y  know  full  wkII  that  tlie 
chemist  now  prepares  from  inorganic  matter  a  vast  array 
of  substances,  which  were  some  time  ago  regarded  as  the 
•olo  pTxiducIs  of  vitality.  They  arc  intiuuitcly  acquaintol 
with  tlu;  ttTUictiiral  power  of  matter,  as  cvidimocd  in  the 
pkenonwna  of  oryitalli»ation.  They  can  justify  iclen- 
tifioally  their  MUf  in  its  pot«ncy,  under  tJi«  proper 
conditions,  to  produce  oi^anisms.  But,  in  reply  to  your 
question,  iJiey  will  frankly  admit  their  inability  to  point 
to  any  Httl*ractory  experimental  proof  lluit  life  can  bo  devt^ 
Inpod,  save  from  demonsif able  antee<>dent  life.  As  already 
indicated,  they  draw  the  line  trom  the  higb«t  organisms 
through  lower  ones  down  to  the  lowest,  and  it  is  the  pr»- 
longntion  of  this  line  by  tlie  inldlcet^  beyond  the  range 
of  the  cenKes,  that  leads  th«m  to  the  conclusion  which 
Bruno  to  boldly  enunciated.' 

The  '  materialiflm  *  here  professed  may  be  vagUy  dif- 
ferent from  what  you  suppose,  aud  I  thi-n-fore  ereve  your 
graoioua  paticooc  to  the  end.  *  The  qwwtion  of  an 
exteraal  world,'  says  J.  S.  Mill,  'is  the  great  bfttUe- 
ground  of  metaphysics.'*     Ulr.  Mill  himself  reduces  ex- 

■  Bniia>«»ift'Pullidil,*iiiilu*AlL«iu'c«a'Il>tcmlUt.' 
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tvmnl  phenomena  to  *  powibilitim  of  scnnticn.'  Kas' 
w«  liAve  wen,  made  time  and  vp»c«  *  funos*  of  out  own  i 
tuitions,  l^chte,  havings  first  by  the  inexorable  lofpe 
his  under^Uinding  proved  himself  to  be  a  nwre  link  in 
that  chain  of  eternal  causuUon  which  holds  lo  rigidJj  in 
nature,  violently  broke  tJie  chHin  hj  making  nature,  and 
all  that  it  iiihcrilit,  »n  nppariUun  of  tlie  miod.'  And  it 
by  no  uieanH  easy  to  combat  sucb  notionit.  For  vbm  1 
I  see  you,  and  thut  I  have  not  the  least  doubtsbouk  it, 
obvious  reply  is,  that  vhat  I  am  really  conscinuf  of  b  an 
s8'ecti<Hi  of  my  own  retina.  And  if  I  urge  that  I  on 
check  tny  eight  of  you  by  touching  you,  tlie  retort  weaU 
bo  that  I  am  equally  transgresBJDg  the  limits  of  &ct; 
what  I  am  really  oonRcioiu  of  i«,  not  that  you  are  ti 
but  that  tlic  niM^G<  of  my  hand  have  nndergone  a 
All  we  hfAr,  and  see,  and  touch,  and  laiite,  auil  sioeU, 
it  would  be  urged,  mere  variations  of  our  own  coodii 
bryond  whidi,  even  to  the  extent  of  a  hair's  breMllb, 
cannot  go.  That  anything  answering  to  our  imjiimiiMM 
exi«t«  outiiide  of  ourselves  is  not  a  fact,  but  ao  vn/maci^ 
to  which  bU  validity  would  he  deDi«>d  by  an  idealist  lik* 
Berkeley,  or  by  a  tceptic  like  Ilunie^  Uc  Spenecr  taitt 
anotlier  Hue.  With  him,  as  with  the  uneducated  maa, 
there  is  no  d»nht  or  ({tu-xtion  as  to  the  cxistenee  of  an  o- 
tefnal  world.  But  be  differ*  Iroin  the  uneducated,  win 
think  that  the  world  really  i«  what  eonsdouraoss  in»mnilii 
it  to  be.  Our  states  of  contcioumeea  are  taen  $gmboU  af 
an  outside  entity  which  prodooes  them  and  detcratines  thr 
order  of  thoir  tueoession,  bat  the  real  natnie  of  whieh  ■« 
can  never  know.*     lufad,  the  whole  prtMxtai  of  erolu' 
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ta  Ifca  Tbnrj  of  Vificnt,*  rnufniairl  in  Iba  TDlams  af  Wtons  \ij  0 
pablubod  I17  Loacnun^  lUt  wfmUiitm  at  ma  tittM  of  iiiitiiiiMiiM  a 
aito  Imlt  m^n.    Hn  inifffwiaM  of  mbm  nn  tba  iMnt  aifa*  tt  iihiwl 
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:  manifc-stalloD  nf  a  Pawcr  ab&olutoly  ioaoniUlile  Ut  ihe 
i-Uvct  of  iDiin.  As  liltlo  in  our  day  as  id  Uie  daya  of 
Job  eon  tuim  by  •oreliing  find  Uiia  Fowor  out.  Con- 
sidered fundamcntallj,  thoD,  it  i»  bj  tbe  upttraUoo  of  an 
insoluble  m^iitfir;  that  lifo  on  earth  ia  evolved,  species 
differanUated,  and  niiad  unfolded  from  tbeii  prepotent 
alemcDts  in  the  icnmcaMUrable  past.  Tbin«  is,  tou  will 
obserro,  no  vtiy  rank  mateHalisnt  hera. 

Th«  strength  of  the  doctjriite  of  evolution  con«iste,  not 
la  an  experimental  demon  it  latiun  (for  the  sutjeci  h  luir^Iy 
aooewible  to  this  mode  of  proof),  but  in  its  general 
bormony  with  scientific  thought.  From  contrast,  tnorv- 
orer,  it  derives  enormous  rvlativc  »lico(^b.  On  the  one 
side  wt>  bavD  a  theory  (if  it  couM  with  any  propriety  be 
so  aUl«d)  derived,  as  were  tJie  theories  referred  to  at  the 
Ix^iuuing  of  thtH  Addreu,  not  from  the  Bttidy  of  nature, 
liut  from  the  obscn'Stion  of  men — a  theory  wliiefa  convvrtv 
the  Power  whose  garment  is  BC«a  in  the  visible  univerMi 
into  an  Artificer,  fashioned  after  the  human  model,  and 
acting  by  broken  efforts  as  man  is  swu  to  act.  On  tho 
utbf.r  side  we  have  the  conception  that  all  we  see  around 
UK,  and  all  we  feel  withiu  us — the  phenomena  of  physical 
nature  aa  well  as  thora  of  the  human  mind — have  their 
onseaichable  roots  in  a  coemical  lifi;,  if  I  dare  apjJy  th« 
tortn,  an  iiifinitcximiU  s]uu  of  which  i»  olTttitd  to  tlie  iu- 
vestigation  uf  man.     And  even  this  span  is  only  knowable 

tkii^.  In  Uiia  p>[«r  Ilalmholti  ojiiCiti»!>  ilronglf  iigiibat  Uia  rkv  Uwt 
Uw  BiDMrloaawM  u(  iimcc  w  iiibom ;  anil  he  tnileDllj  ilonl**  Um  powiv  of 
III*  dudt  td  pick  op  giaia*  ut  SOTD  viihiiut  ptalimiaAr;  Icbmm.  On  tliia 
pMDt,  h«  tnj*.  haOitt  KipiiriinenU  u«  t>tol*J.  Such  *>|>»ria*iiU  ban 
tsPD  (loo*  nuule  b;  Hr.  Sinlding,  aSdtJ,  I  b«llgT*,  is  loma  of  bb  ot«>pra. 
lioM  I7  ill*  koennpliriwd  aud  >l«Fly  UmMted  Imij  AmUttj ;  and  iba^ 
Mm  to  iwoia  coMUdnl;  that  tb*  tbick  iom  aM  mmI  a  *Ut«ln  mananl'i 
tnitiou  (0  Mublo  it  to  MiWil,  run.  ipTSTu  itio  MnMlt*  of  ttn  "yo  and  potk. 
Ifdmbohi.  bcnrtrtr.  b  ninlBiidii^  againrt  Um  txninn  «f  |>rr-fMiiUtaW 
bimmnv ;  and  I  lUn  (nt  awaw  of  liis  »!♦*•  M  to  ill*  ani>DintX«  «*  W 
f  r->rr«>  c(  (BM  or  bf««il. 
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in  part.  We  can  trace  tlin  dcrclopmecit  of  &  oi 
syBtoro,  atiti  tforrclulv  with  it  the  panllcl  pbenonMioa 
eeosatioD  und  tliougkt.  We  Me  with  undoulitiogCBTtitBti 
that  thoj  go  liiuul  in  hand.  But  we  try  to  «oar  it  • 
mcuum  the  moment  we  seek  to  comprebend  the  cooBMliM 
Imtween  thean.  An  Arcbimedean  fulcnun  is  b«ra  nq 
which  the  human  mind  cannot  oomioand ;  and  tbe 
to  solve  the  prohlcm — to  borrow  m  comparisan  Cnm 
illtwtrioitc  friend  of  mine — ia  like  tli«  tsffort  of  a  tma 
trjing  to  lift  h!tn)»elf  h;  hi«  own  waistband.  All  Uiat  hu 
been  faid  in  thi*  discourse  iato  be  take*)  in  ooont^ction  vfth 
this  fundamental  trath.  'When 'naaoent  senses' aie  apoken 
o^  when  <  the  difiercntistioo  of  s  ti^ue  at  fint  v^aiif 
aesuitive  all  over '  is  Bpoken  of,  and  when  th«ee  -pneemet 
are  associated  with  *  the  modification  of  an  oigantOD  \n 
its  cnviroimicut,'  thv  suaiv  paraUrlinn,  wittiout  oootartt 
or  even  approach  to  contact,  is  implied.  Mao 
objtd  i»  wpanted  h;  an  impstMble  gnlf  fimm  man 
mbjeei.  There  in  no  motor  (tuergy  in  tb«  human  inl 
to  carry  it,  without  logical  rupture,  from  (be  ooe  to 
dtfaer. 

Further,  the  doctrine  of  evolution  d«rivca  man,  in 
totality,&Qm  theintoractionof  oTganltm  and  cDTirommt 
through  oountleae  agea  past.  Tbs  Human  UDdentaadltBf , 
for  cxninplf^ — that  facultj  which  Mr.  Spencer  hai  turned 
■o  akilfull;  roiiiid  upcm  it«  own  antecedents — is  itaetf  a 
result  of  the  play  between  organism  and  iniiimmiMal 
through  coemtc  rangee  of  time.  Never,  uircly,  did  pre- 
ficiiption  plead  so  iiresiBtihle  a  claim.  But  f> 
to  paw  that,  oircr  and  above  his  undentandi. 
many  other  things  appertaining  to  man,  wbai«  pr 
rights  are  quite  as  (trong  as  thoM  of  tbe  nnde 
itaetf.  It  i<i  a  result,  for  examplct  of  the  play  of 
and  cDvirontnent  that  sugar  i*  *«rot,  and  that  aloea 
bitter ;  that  tbe  smell  of  beabaoe  differs  from  tbe 
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of  a  row.    Sucb  facts  of  ixtiuciauditeas  (for  wluch,  by  tho 
mj,  DO  adequate  rea^n  has  ever  be«D  Teodeml)  arc  quite 
aa  old  aa  the  onderetandiDg ;  and   many    other    things 
can  lioast  an  equally  aDcieDt  origin.     &Ir.  Spencer  at  one 
place  rcfoTBtothalDKMt  powurfiil  of  i«it«ii>D«^tbc  amatory 
paeaioD — on  one  which,  wh«n  it  tint  occurs,  is  anteoedent 
to  alt  reluUvn  ex[H-riciioe  what«;v(!r  ;  and  ve  may  pass  ib* 
chum  as  \)t;uig  al  Ica^t  in  ancient,  and  as  valid,  as  that  of 
the  uadcnttauding  itself,   llien  there  aie  such  things  woven 
iota  the  texture  of  man  as  the  fwUoj;  of  Awe,  Rovcronc«, 
Wonder — and  not  alone  the  soxual  love  just  referred  to,  but 
the  love  of  the  beautiful,  phy«icul,  and  moral,  in  Nature, 
I'oetry,  and   Art.     There  ia  alw  tliat  ilvep-^t  fetiUiig, 
wfucb,  siuou  ttiv  carlitist  dawn  of  history,  and  prutiahly 
for  agus  prior  to  all  history,  incorporated  itself  in  the 
Il«Jigiou.-<  of  the  world.    Vou,  who  have  escaped  from  these 
ndigioDS  into  the  high-aitd-dry  light  of  the  intellect,  may 
deride  them ;  but  in  so  doing  you  deride  accideuts  of  form 
merely,  and  fail  to  toueh  tho  immovable  basis  of  tho  re- 
ligions seutimcnt  in  tho  nature  of  man.     To  yield  tliia 
Bentimentrrasouable  s»li«fiictiou  is  the  problem  of  problems 
at  the  prcMiit  Itour,     And  grotesque  in  relation  to  scien- 
tific culture  as  many  of  the  loligions  of  the  world  have  been 
and  are — dangerous,  nay,  destructive,  to  tho  dearest  pri- 
vileges of  freemen  as  some  of  them  undoubuxtly   have 
been,  and  vroutil,  if  they  could,  be  again- -it  will  be  wise 
to  reooguisv  ihvax  as  the  forms  of  a  force,  DiiKchievous  if 
permitted  to  iutrude  on  the  n^ion  of  objective  jbriow- 
Ud-j^-,  over  «vhi<.-h  it  holds  no  command,  but  capable  of 
aihling,  in  the  ri>gion  of  po^ry  and  emotion,  inward  com- 
pUleneaa  and  dignity  to  man. 

l-'oeling,  I  say  again,  dates  ffom  as  old  «»  origin  and : 
as  high  a  tourcc  as  int«Utgenc«,  and  it  equally  demands 
its  range  of  |>lay.     The  wise  teacher  of  humanity  will  n>- 
oogniw  ihe  neceisiiy  of  meeting  this  demand,  luthvr  than 
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of  resUtiDf;  it  ott  acoount  of  errors  and  aUiiirditJ«e  of  forwL 
Wlwt  we  Mliatild  re>i>t,  at  all  faa2uiU,  is  tba  attempt  nad» 
JD  ttw  past,  aodoov  repeated,  to  found  upon  this  elonwBbl 
bias  of  mao'e  nature  a  syrit^m  which  vhould  coerciae  do- 
poUc  sway  over  his  intellect,  1  bate  do  fear  of  tmik 
a  ooBSummaUon.  Science  bat  already  to  somo  axtoa 
leavened  tlic  world :  it  will  Wren  it  moro  and  loAre ;  and  1 
nhouldlook  tipODthu  tDtId  li^hL  of  Msienoe  breaking  in  upoa 
the  mindii  of  the  jouth  of  Ireland,  and  atrengthMjiigt  gta- 
diially  to  Ute  perfect  d&y,  as  a  surer  check  to  anj  Intel' 
lectual  or  spiritual  tyranny  which  now  tbrtatem  Uui 
island,  than  tbe  laws  of  princes  or  the  sworda  of  emfwwai 
Vie  fought  and  won  our  battle  even  in  tbe  Middle  A^: 
should  we  doubt  the  isBuo  of  onotlicr  eonflitrt  with 
hrokon  foe? 

The  impregnable  position  of  aoivuce  may  be  d 
in  a  few  wonl«.  Wc  claim,  and  wc  shall  wrt«t  from 
li)gy,  the  entini  domain  of  oosmologicnl  thuory.  A1 
schemes  and  sptems  which  thiui  iDf^ng>^  u|M>n  thedtti 
of  science  most,  in  w>  far  lU  (A«y  Jo  thit,  aubmil  to  il 
control,  and  roliniiuiili  all  thought  of  contmUiDg  it. 
iog  otherwise  proved  disastrous  in  the  pa^t,  and  it  ia  dm; 
btuous  to-day.  Every  system  which  would  escape  the  hXB 
of  an  organism  too  rigid  to  adjust  iteelf  to  ita  enriroiunet^ 
must  be  plastic  to  tlie  extent  that  the  growtb  of  hnowlBi^ 
demands.  \^'hcn  (his  tnilh  Ins  t>Mn  tbom-t ->  '-  'Afccs 
in,  rig;id)ly  willberdaacd,  esclosiventisadiu):!  .iai^ 

now  deemed  essential  will  he  dropped,  and  elemenu 
rejected  will  he  asaimilated.     Tbe  UAJng  of  the  life  is 
(•Mential   point ;  and  as  long  as  dogmstum,  faaatii 
and  intolerance  are  kept  out,  ^-arioiis  mod<»  of  lorenfv 
may  be  employed  tu  nuM:  life  to  a  hlg:hrr  Icvi-l. 

Science  it«clf  Dot  uufrwiuenlly  d<u-l%cs  motive 
froTo  an  idtra-tdenUfie  sunrue.  Some  of  it^  grcstsat 
Verica  hav0  beea  made  undar  tlis  stimalna  of  a  non>«dM: 
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IdeoL  This  ms  the  cas^  among  tb«  ancieiitii,  and  it  has 
fae«a  to  amongst  ourseUea.  >Iayer,  Joiile,  und  Colding, 
wb<wo  lumiM  ue  usocUtcd  with  tbo  greut«st  of  mod«n) 
gtmcnljattoua,  were  Uiu»  itiilucti(M.-d.  With  his  u»uid  in- 
Kiglit,  Lange  at  one  platx^  rciimrks,  that '  it  in  not  Klwayit 
tlie  objectively  oorrect  and  int^lligililti  tliat  helpt  man 
most,  or  leads  most  quickly  to  the  fullest  and  truest  know- 
lodgo.  As  the  sliding  body  upon  th«  brnirbyslochroDO 
reaches  it«  end  toouur  than  hy  tJie  Rtraighter  road  of  the 
inclined  pinnc,  m>,  tliroiigh  the  swing  of  tite  ideal,  we 
often  arrive  at  Uie  naked  truth  more  rapidly  than  by  the 
direct  proceoea  of  the  understaitding.'  WheweU  speaks 
of  entJiusiasm  of  tamper  as  a  hindrance  to  scionco ;  but 
he  means  th«  enthusiasm  of  weak  heads.  There  is  a 
sIroDg  and  rt^solutc  CDthiuiin»m  in  which  scicDoe  finds 
so  ally:  and  it  is  to  the  lowering  of  thi«  firv,  ratbcr 
than  to  tliG  diminution  of  tnlvllectual  insight,  that  the 
Interning  protliictivvncM  of  men  of  science,  in  thuir 
mature  years,  i*  to  be  ascribed.  Mr.  Buckle  oought  to 
detach  intellectual  achievement  from  moral  force.  Ha 
gravely  erred;  for  without  moral  force  to  whip  it  intu 
action,  the  achievement  of  the  intellect  would  bo  poor 
indeed. 

It  ha*  been  said  by  its  oppouentM  tlial  science  divorces 
itself  from  literature;  but  the  statement,  like  so  many 
othen,  arises  from  lack  of  knowledge.  A  glanoe  attlio  lees 
technical  vritingH  of  it«  leaders — of  its  Helmholtz,  its  Hux- 
fey^and  itsDu  Boia-lteymond — would  show  what  breadth  of 
literary  culture  they  command.  \Vhcro  among  modem 
writers  can  you  find  Uieir  superiors  in  clcsuness  and  vigour 
of  lit«nry  Aylo  ?  Science  desires  not  ieulaiion,  but  freoly 
combines  with  every  effort  towards  the  bettering  of  man's 
estate.  Single-handed,  and  supported  not  by  outward  sym- 
pathy, but  by  inward  force,  it  has  built  at  least  one  great 
wing  of  the  many-mansiooed  home  which  man  in  his  t<K 
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tality  demaudf.  And  if  rougfa  walls  luxl  protnuling  nt»- 
ends  indicate  llmt  on  onvxidethoMlifiouM  ctill  iii<»nip1 
it  is  ouljr  b;  iri«c  conliinalion  6f  llie  {nrU  rrqulred, 
those  already  irrevoealdy  built,  lliat  wn  eau  ttirpe  fui 
jileteness.  There  is  no  Decenary  iDooDgmity  tietweea 
iias  hecQ  accompliiihed  and  what  r«inaiit9  to  he  done. 
moral  glow  of  Socrat«s,  which  we  all  foelhy  ignitioOthafia 
it  nothiDg  inrompatiblo  with  the  phTEic«  of  Aiwnyrf 
whioli  be  ko  ninuh  )icomod,  Iml  wliii-Ii  ho  wnuU  huOj 
acorn  to-day.  And  here  I  am  reminded  nf  one  among  Wt 
boaiy,  but  stilt  strong,  whose  prophet-voice  some  thirty  nas 
ago,  fur  more  than  any  other  of  tbi^  age,  uubtcked  Mhalnv 
of  lifv  and  noblpnesa  lay  Latent  in  it4  moM  gifted  minds — 
one  fit  to  Htund  bcaido  Socrates  or  the  MacoBtcsti  Eltuar, 
and  to  dare  and  suffer  all  that  Ui«y  tuilbnki  and  dartd— 
fit,  aa  he  once  staid  of  Kioht^'.  '  to  ban  hceo  the  teacher  of 
the  Stoa,  and  ti>  liave  disoonrwd  of  Beauty  and  Virtue  ia 
the  groves  of  Academe.'  With  acapowity  to  gra^  phracal 
principlee  which  hia  friend  Goethe  did  not  fomast,  aiyl 
which  ovon  total  lack  of  exercise  haa  not  boi-n  a,Uv  to  n^ 
duet!  to  atrophy,  it  is  the  world's  loss  that  he,  in  the  n^n: 
of  hifl  y<»r«,  did  nottqwn  his  mind  and  sympatbiaa  to  icieMiv 
and  make  il«  conclusioiui  a  [<oTtion  of  bis  menage  to  ntt- 
kind.  Marvellously  endowed  aa  he  waa— equally  eqnippJ 
on  Uie  tide  of  tho  Heart  and  uf  the  UttderMaiwiitqc — W 
might  have  dotio  inm^b  Lowanls  teaching  us  how  to  new 
cile  the  claims  of  both,  and  to  enaUo  th^ta  in  Dimiti; 
Itmoe  to  dwell  tt^eUier,  is  unity  of  spirit  and  in  the 
of  peaeo. 

And  now  Ihveiid  is  come.     Witli  tDorv  timi!,  m- 
Etrengtb  and  kuow]edgi<t,  what  has  bo«n  here  nid 
have  been  better  said,  while  wurthy  m^.- 
might  have  received  fit  Kxprfuwiou.      Eti;  i^, .,    --.i 
been  no  material  deriation  from  the  views  K>t  ftivih. 
TCig^rda  myiwlf,  they  are  not  the  gniwtb  of  *  «ky;  aisf 
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r«lgarda  you,  I  tbottgtit  you  otight  to  know  tho  cnviron- 
ment  whk-L,  with  or  witbout  jour  cooHiTit,  is  rupiOIy  hiit- 
roundingyou,  and  in  relation  to  which  some  aJjiutmcnt 
on  yoor  |«Tt  may  Ix;  noevsmry.  A  biot  of  Hiimlet'^,  Ww- 
«TL'r,  teaclu^i  ns  how  the  tro«We»  of  common  Ufe  may  be 
ended;  and  it  in  peTfeclIy  [iiu»ibte  for  you  and  me  to 
piirehaM!  int«llecttia]  peace  at  the  prioB  of  intetleotual 
death.  The  world  is  not  wiUiont  refuf;esof  this  deflmptioR ; 
nor  IB  it  wanting  in  persons  who  seek  (heir  hbett€ir,aDd  try 
to  persuade  others  to  do  the  same.  The  un^tablv  and  the 
weak  have  yielded  and  will  yield  to  thi>  pprMta^ion,  and 
they  to  whom  repose  is  swcotwr  thun  the  truth.  Biit  I 
wonid  Bxliort  you  to  refute  the  oETcrcd  xhvlt^r,  and  to  worn 
the  hosn  rcpoxe — to  a^wcpt,  if  the  choice  Vh-  forcod  iijwn  yon, 
ooRimotioii  before  Agnation,  the  bri-ezy  leap  of  the  torrent 
before  the  fa4id  stillneM  of  the  swamp.  In  the  course  6f 
this  .\ddri^T)uive  touvhtnlondi^batable  qneKtion^, and  led 
yon  over  what  will  lie  deemed  dangerous  ground  —  and  thi^ 
partly  with  tlie  view  of  telling  you  that,  as  regards  these 
question;^  Mience  claims  unrestricted  right  of  search.  It 
ia  not  to  the  point  to  s»y  that  the  viewM  of  LticrotitiK  and 
Bruno,  of  Durwin  and  Spencer,  may  he  wrong.  Here  I 
slioulil  agree  with  yoti,  deeming  it  indeed  certain  that 
these  views  will  undergo  modification.  But  Uiv  point  in, 
Uiot,  whether  right  or  wrong,  wo  claim  the  right  to  discuss 
them.  For  science,  hovn-vvr,  no  exclusive  claim  it  here 
made ;  yon  are  not  urg«^  to  erect,  it  into  an  idol.  The  in- 
exoraUo  advance  of  man's  undoDitandiiig  in  the  path  of 
knowtedgi^,  and  tliosc  nnr]ucnchable  claims  of  bis  moral 
and  finolionnl  natnrA,  which  tbe  understAnding  can  never 
saliiify,  are  here  equally  set  forth.  The  world  embraces 
not  only  a  Newton,  but  a  Sbakspeare — not  only  a  Boyte, 
but  a  Itu[i!nu-1— not  only  a  Kant,  bnt  a  Beethoven — not 
only  a  Darwin,  but  a  Carlyle^  Not  in  each  of  these,  but 
in  all,  is  human  nature  wbolc.     They  are  net  opposed,  bill 
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Ruppleroentary — not  mutually  cxclimive,  but  rrooocit&lili 
And  if)  uDfiitisficd  with  tbcin  all,  the  human  miotl, 
the  ycaniiDg  of  a  piigrina  fur  liU  dUuuil  bcime,  will  ilUl 
turn  to  tb«  Mj'stery  fiom  which  it  has  emerged,  «e«kii>g 
to  to  £)»]iion  it  as  to  give  unitjr  to  thought  asd  liuth ;  m 
loDg  aa  this  is  done,  not  only  without  intolrnmce  or  iiiguti; 
of  any  kind,  but  with  the  «nligbt«ned  fcco^tion  thit 
tiltimutv  fixity  of  conception  it  here  unattainahlr,  ami 
that  fttcli  iii<;ce«ding  age  miut  be  hc^ld  fri^c  to  (iocluon  the 
mystery  in  acoordanoe  with  its  own  need»-— then,  nMtia^ 
aaido  all  the  reelricttons  of  ifaterislism,  I  would  affina 
this  to  be  a  Held  for  the  noblert  «xcrciso  of  what,  in  coih 
trast  with  the  ienawiHS  fiicultios,  may  bo  coUm]  the  crraftiv 
fiu:ultic6  of  man.  H<■J'^,  however,  I  touch  x  tbena  too 
gimt  for  me  to  handW,  but  which  will  amirollybe  ImtmIM 
by  U)o  loftiest  mind*,  wh«n  yoa  and  I,  like  streaks  of 
morning  elotid,  Hlialt  have  tnidted  iiila  the  iDGntta  nttnitf 
tlie  past. 


Pps/litoiy  ReukoriiM, 


At  the  request   of  my  Puhlishiuv,  Hrmgtbetwd  by  Hi 
ej:prejsed  desire  of  many  Corrcspowlenta,  I  repnat,  «ttk 

a  few  slight  alteratious  rids  Addrras. 

It  was  written  under  tome  difadiautagia  this  ynr  a 
iliu  Alpe,  aod  sent  by  instalmenU  tn  Ihc  printor.  M*haB 
-ead  BuUi^twDtly  it  provt>d  I'M  luog  for  iu  puqave.  aaJ 

several  of  itc  pacsoges  were  aceordingly  ctnxk  mit.    flofv 

of  them  are  here  rcitonxL 

It  has  provoked  an  unexpected  ftuumit  iif  oritj< 

This,  in  due  time,  will  suicide;  and  I  oanfidanlty 
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fimrard  to  u  oilmcr  future  for  a  verdict.,  fouudod  not  on 
imaginarf  »ia»,  bul  od  Lho  real  tiicte  of  the  case. 

Of  the  nuinljerluM  strictum  und  uccusationsi  sotoe  of 
tbem  eoeeeding  fierce,  of  wliJub  I  Iinvu  becii,  and  continue 
to  be,  the  object,  I  refrain  from  speaking  at  any  length. 
To  one  or  two  of  tJtem,  however,  out  of  ica])C<:t  for  thoir 
wxircpH,  I  would  ask  permissioD  briefly  to  refer. 

An  evening  paper  of  tho  first  Tank,'  after  the  aaoription 
to  m«  uf  vnri'iu»  moix;  or  lv<s  qucttioDublc  aims  and  niotivee, 
(iroceeds  U>  the  iinpntalJon,  tliat  I  permitted  tho  cbc«n 
uf  my  audience  to  ^atimulate'  tnc  to  the  utterance  of 
words  which  no  riftfat-minded  man,  without  a  wnm  of  the 
(gravest  reepoDiibility,  oould  employ.  I  triiRt  the  author 
of  tbia  charge  will  allow  me  io  all  courtesy  to  a^ure  him 
that  the  words  ascribed  by  him  to  the  spur  of  the  moment 
were  written  in  Switzerland ;  that  they  stood  in  tba 
priatfid  copy  of  tho  Addrcsa  from  which  I  read,  and  wero 
iu  the  hand*  of  various  London  editors  some  days  previous 
to  tivi  reading ;  tluit  tbcy  evoked  no  *  cfaccn,'  but  a 
Kilmctf  br  more  impressive  than  cbrcrs ;  nod  lluit,  finally, 
M  rcgardi  bolb  approbation  and  the  ruventc,  my  conrw 
bad  been  thought  over,  and  decided,  long  before  I  ventured 
tu  address  a  B<^ira.4t  aiidienceu 

A  writer  iu  an  able  thealoglcal  jotirual  rt^rosents 
me  as  *  patting  religion  on  the  lack.'  *  The  thought  of 
doing  so  is  certainly  his,  not  mine.  The  &cU  of  re- 
ligious feeling  axe  to  me  as  eertain  as  the  fads  of  phyues. 
But  tlie  world,  I  hold,  will  have  to  distinguish  between 
the  feeling  and  iU  fornix,  and  to  vary  the  latter  in  accord- 
ance with  the  intcnir<:tnu]  condition  of  tho  age. 

I  am  UBwilling  to  dwell  upon  statemeat^  ascribed  to 


•  Ths '  r<tll  Mall  Ourtla.* 

■  Tba  Mni«  joarntl  km  goei  luuu;^  (o  spcuk  «Uli  kpymml  of  n; 

<M>  tW  'ScNBtifli  Cm  of  th«  Iwpiintioa,'  ll>*  'tnalcfiiliaBi'  vt 

vbicb  i*  ^nita  m  jinn'miiiOHl  u  iluil  of  ilia  '  BoUlu)  A4dnM.' 
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emiiHmt  men,  which  may  he  imperfect];  report^  ia  llie 
newspapere,  and  I  thcrofora  poM  orer  •  r«ceol  xnoon 
attributed  to  tho  Bisliop  of  MiLDehest«r  with  the  remark, 
tiiat  one  enguged  ao  muoh  as  ho  is  in  hasj  and,  I  doalK 
not  on  the  whole,  beii«fic«nt  outward  life^  is  not  lik«tf  Ib 
bo  ainoog  (he  earliust  to  divctrD  llm  uiorv  inward  and 
spiritual  iiigas  of  the  times,  or  to  prepare  for  the  canditioo 
which  ihey  foreshadow. 

Id  a  rewnt  speech  at  DewGburv,  the  Dean  of  Mancbea- 
t«jr  is  repiHtcd  to  bave  expressed  him»olf  Uius :  'The  Pro- 
icesot  [mjae]f]  cudcHl  a  most  remarkable  and  elocjnn* 
speech  by  terming  himself  a  tnatcriul  Athetet.'  Hj 
nttcnUoD  was  drawn  to  Dean  Cowic's  Rtatcnoatt  by  a 
c<>rTe<pou<lciit,  who  described  it  aa  slandiDg  '  coosptcooiif 
among  t>i«  rironge  calumnies '  with  which  my  wsnls  fasTv 
bwn  anailcd.  For  myitclf  I  uw  do  language  which 
citiild  imply  tliat  I  am  hurt  by  such  attAck;;.  Thay  Ian 
lost  their  power  to  wound  or  injure.  Sti  like^so  aa  tv> 
garda  a  resolution  recently  passed  by  Uiu  I^rcfttiytviy  i4 
Belfast,  in  which  l*rafee8or  Uniley  and  miiiii-lf  ore  »p«>keB 
of  aa  '  ignoring  the  cxiBtonce  of  God,  and  advocalitig  pun 
and  simple  mat«rialism  ; '  bod  the  pooeBaJve  pmntwia 
» our '  preceded  '  God,'  and  had  the  words  *■  what  we  «•- 
sidvr '  preceded  'purei*  this  atutvuMmt  woold  hare  \xr» 
i.il>jcclivtily  tnie  ;  but  to  mako  it  so  this  qualilitatioit  it 
mqulrcd. 

Cardinal  Cullen,  I  am  told,  isalw  a"''    '         ..'t^-vJ 
■erecting  spiritual  harriera  againsi  the  ii.  ..i   '  Ir 

ddity'  into  Ireland.     His  Emin^uice,  I  believe,  baa  ttaa.t 
to  suspect  that  th<r  Catholic  youth  amuiMl  liim  an>  ul 
proof  to  tho  seduotioiu  of  sdeoDv.     Strong  u  ho  it,  1 
Ujiovc  bim  to  be  impotent  hoRb     The  youth  of  I 
win  imbilic  (cicncc,  liowever  slowly  ;  they  will  W  lr«i 
by  it,  liowever  gradmOly.     And  to  iU  inward  m> 
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powwr  among  CnthvUc^  tberuselvee,  rather  than  to  an; 
ProCesUuit.  propagandisni,  or  other  external  inHueoce,  I 
luok  for  the  abatemcut  of  varioiu  incongruities,  coiuipicu- 
ous  among  which  etand  tli«M  mcdiKviU  proccvdings  which, 
U)  tlio  «cuii<lal  Olid  ttnuuM^mcoit  of  our  niutitcunllk  uvuturjr 
iutrlligence,  have  Ih^q  ri'vived  amcmg  ua  during  Iho  laat 
two  years. 

In  connection  with  the  charge  of  Atlieism,  I  would 
moke  one  remark.  Cbristiun  mt'ii  are  proved  by  their 
wiitingB  to  have  their  houn  of  weakness  and  of  doubt,  na 
well  08  tlieir  iionn  of  strength  and  of  conviction ;  and 
Bkan  like  m^Hcif  itharc!,  in  tht-tr  own  way,  thc»o  varintions 
of  mood  and  t«nMv  W<ire  tli«  r«ligioiiii  mood«  of  man;  of 
my  lUEMilmta  the  only  alternative  ones,  I  do  nirt  know 
Itow  Ktrong  the  olainiB  of  the  doctrine  (rf  *  Alati^rinl  Ath<>- 
Uu '  upon  my  allegiance  might  be.  Probably  tJiey  woidd 
be  very  strong,  ilut,  as  it  is,  I  have  noticed  duriug  ycar« 
of  adf-obeervalioQ  that  it  is  not  in  hours  of  cleanie^M  and 
vigour  tJuit  this  doctrine  oommvuds  it»otf  to  my  mind ; 
tbnt  ill  the  presence  of  stronger  and  h^althJvr  thought  it 
eri-T  dtNotvcit  and  di»appe«n,  a«  oflViring  no  Mlution  of 
tlie  Rtynlviy  in  which  we  dwell,  and  of  which  wc  form  a 
|urt. 

To  ooaraer  attacku  and  denunciations  I  pay  no  atten- 
tion ;  nor  have  I  any  real  reoeoo  to  compUin  of  rcvilingg 
addressed  to  me,  which  profciuing  Chrigtiana,  a«  could 
rvadily  be  proved,  do  not  Hcruplo  to  ate  towards  esch 
othvr.'   Tb«  more  agreeable  ta»k  reoiaioi  to  me  of  thauk- 

'  1  Iwd  *MW  mliini  id  tompuing  «t  tliii  (bt*  Um  BBcntiiM  ol  Chii*- 
lunmiifatawaRlifMh  oUiBr.viihlbcMof  l^«CtiTli<bst(i*iii4ttlM'imD<lal.' 
I  irtmln  bnta  Ar^sf  *i>.  •imptj  Ihom*  iIm  Mmplcs  belbr*  ■•,  on  boUi 
■iilw  (I  B,v  it  w'r.h  dnlJlicntign),  ftn  IM  bm*l  to  b*  rupratod.  Gin  ma, 
In  m;  part,  •  tiaiiiB*tl  Mtl  illj{»ilI(J  Nth*km,  (ULw  tbu  a  Uuina  vtlh 
>■  MUuin*  tuA  M  Uiii.    It  voukl,  liowanr,  b*  luuwa  lo  tak*  tliw* 
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ing  Uioso  who  bave  lri«4l,  however  bopeleMl;,  to 
RoctmtioD  wiUiin  the  boiuid«  of  ju)(tic«i,uid  who,  printdf i 
uul  at  tame  risk  in  public,  bars  bonoared  ma  with  the 
expreBsion  of  their  sympathy  and  approraL 

Jous  TnoAU. 
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I  TAKB  advantage  of  a  patue  in  the  iasue  of  thii 
AddT«fl8  to  add  a  fevi  pnifator;  words  to  tbo«e  almdj 
printed. 

Tbe  world  ha«  bvcn  Crequ^ntlj  infonaed  of  bt«  that 
I  have  raind  ap  agiiinat  myKlf  a  bo«i  of  Fncmice ;  and 

^consulrring,  with  few  cxorpltoii*,  tbe  delivemooei  of  th« 
!*reiu,  and  more  particularly  of  th«  religions  Pre«,  I  an 
forced  to  admit  that  tbe  statement  is  only  loo  true. 
I  derive  aome  comfort^  nevertheless,  from  the  reflectiM 
of  Dioginiev,  tivunutt^d  to  ns  bj  Plutarch,  titat  *  he 
wotild  be  mvcd  murt  bare  good  friends  or  violent  eoeaika, 

^ftnd  that  he  in  Ixitt  off  who  pOf««»ea  iMth.'  ■     This  *  hot 
andilion,  I  have  reason  to  beUere,  is  Eolnr-. 


if  lis  rf  iho  Inivr  ««rt  ■•  iDoMnlini*  vf  Ou  ball 
ia  tbi*  rdiKiiKca  lltnnlity  <4  ttpt%\H  mii 

•  •I'lRbiifMl)  U«iw«;  v>L  lir.  p.  nt. 
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RoBeding  on  Uie  firactioD  1  have  read  of  reocnt  ro- 
uoiutraDoes,  appeals,  menaces,  aod  judgzaenU — covcriog 
not  only  tlie  wurld  thai  now  is,  but  tliat  wbicb  is  to 
oame — I  have  notiuMi  with  mournful  interest  how  trivially 
men  seem  to  be  influenced  by  what  they  call  their  religion, 
and  bow  potently  by  that  *  oaturo '  which  it  is  the  alleged 
province  of  religion  to  eradicate  or  subdue.  From  fiiir 
ud  nuinly  arginnoat,  from  tho  tviiderest  an<l  holi»b 
fjrmpnthy  on  tho  part  of  Lhiwe  who  desire  luy  eternal 
good,  [  paws  by  many  gradations,  through  deliberate  un- 
fiumeos,  to  a  tpirit  of  bitterness  which  desires  with  a 
fervour  inexpreHtbte  in  words  my  eternal  ill.  Now,  wcrw 
religion  tlie  pol«iit  factor,  we  might  expect  s  homogoneoua 
ntteranra  from  those  professing  a  common  crwd,  while,  if 
liunun  nature  be  the  really  pot4;nt  factor,  wc  may  cxpoct 
utterances  as  beiarogeDeous  as  Ihc  characters  of  men.  As 
a  matter  of  (net  we  have  tiie  latter ;  suggesting  to  my 
mind  that  the  common  religion,  professed  and  defended 
by  these  different  people,  isjncrcly  the  accidental  conduit 
throngh  which  they  pour  their  own  t(?in[)cr«,  lolly  or  low, 
ooiirtmos  or  I'ulgar,  mild  or  fiTocioiia,  a^  the  ca«e  may 
lie  Pure  abuse,  liowtiver,  as  serving  no  good  end,  I  ltav«, 
'  whi-mver  posubit,  delil*eratelj-  avoided  reading,  wishing. 
Indeed,  to  keep,  not  only  hatred,  malice,  uncharitable- 
nees,  but  ereo  every  trace  of  irritation,  fiir  away  from 
my  side  of  a  discuMion,  which  dpmandB  not  only  good 
temper,  but  largoncM,  cluamcsx,  and  raanj-^idcdiM-ss  of 
mind,  if  it  is  to  guide  us  even  to  proviMoiud  xolution*. 

At  an  early  stage  of  the  oontioverey,  a  di^ingiilxht'd 
ProfeMor  of  the  Univenity  of  Cambridge  was  understood 
to  argue — and  his  argxuncnt  vnu  caiiglit  up  with  amusing 
eagerness  by  a  portion  of  Ihn  religious  PrcM — tliat  my 
ignoranoo  of  mathentalJcfl  n^ders  ia«  iuoonpi'lont  to 
speculate  on  lli«  proximate  origin  of  life.  }itu\  1  ibonglit 
his  argument  ntli-vant,  my  reply  woidd  have  been  simplv  t 
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for  liefore  me  lies  a  printed  docunienL,  more  th&n  tweotj 
tvo  years  oUl,  bearitifif  the  eigDatiire  of  this  euae 
Frofesor,  in  which  be  was  good  enough  to  testify  tlut  I 
am  *  wcU  vcniod  in  pure  matlienuiticf.' 

It  hiu  Ikcu  stated,  with  nuinj  vuriutioni  of  nntc  n»l 
cumtncnt,  Uiat  in  tim  Addres*  w  publiidtcd  by  Mesov 
Iiongiaau  I  have  retract*^  opinions  iitu^ed  at  Bcl&tl. 
Roman  (^Lbolic  writer  is  Rpeciallj  strong  iijmd  tliis ; 
Startled  by  the  deep  chorus  of  dissent  which  m;  i 
fallacies  have  evoked,  I  am  now  trying  to  retreat. 
hv  will  by  no  means  tolerate.     '  It  is  too  hio  sow  to 
to  hidu  from  the  eyca  of  mankind  nac  foul  blot,  one  gha 
dvformity.    ProfcMor  Tyndall  ba*  himself  told  tubdw  and 
where  tliis  Address  of  hi»  was  composed.     It  wu  written 
auioD){  Llio  gliidors  and  tlie  tolitad(«  of  llii;  Swiss  mou^^ 
tains.    It  was  no  baity,  hurried,  crude  pmdnolion;  ilH 
^«verT  sentence  bore  marks  of  thought  and  care.'  ^fl 

Mj  critio  intends  to  be  severe  :  he  is  simply  jtKt.    Id 
'.be  *  solitudes  *  to  which  be  refers  I  worked  with  delibm- 
tioD ;  endeavouring  even  to  purify  my  intcU»rt  by  ditMl 
cipUncit  similar  to  tbo*v  j;njoin<:!d  W  his  own  Church  fi^B 
tho  fiuicUfioUoo  of  the  muL     I  tria>l,  moroover,  in  mj 
I  poudoring«  fio  realise  not  only  the  lawful, -but  tli*  n- 
ptidJcnt ;  and  to  permit  no  fear  to  act  upon  my  mind,  i 
that  of  uttering  a  single  word  on  which  I  ooul<)  not  U 
my  stand,  either  io  this  or  in  any  other  world. 

Still  my  time  was  so  brief,  aud  my  prooess  of  tboi^ 
and  riprcssion  so  slow,  that,  io  a  literary  poiol  of 
halted,  not  only  behind   (ho   ideal,   but   behind 
^tossjble.     Hence,  after  the  delivery  of  the  AdilriM,  I 
over  it  with  the  desire,  not  to  revoke  its  princjplM,  b* 
t'l  improve  it  rorbally,  and  above  all  to  remore  - 
which  might  give  colour  to  the  notion  of  *  beat  au.. 
Id  holding  up  us  a  wanuDg  to  writer*  of  (be  pic 
frrore  and  follies  of  the  demitmcrra  of  thir  {vsl,  I 
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^■caMon  to  ooin{iiurR  Uiu  intellectual  prxtjiagatiiiD  of  sitch 

l^pnoimoefs  U>  ilmt  «f  lJiuUiS'gt:riua :  tlie  expressiiMl  nas 

tlioiigitt  offenBive,  and  E  oiaiUed  iL     It  is  still  omitted 

fmm  the  Addreas.     There  wae  ^lao  another  passage,  whidi 

ran  tbua :  '  It  is  vain  to  oppose  this  force  [of  rcliglou]  with 

a  view  to  its  cxtirpatioD,    What  we  ehotUd  oppose,  to  the 

dcolli   if  m-ccKsary,  is  every  nttcmpi  to  found  upon  iliJi 

^d:vint'»tal  bia*  of  luan'a  n:klure,  a  K}Kt«ia  which  shonhl 

^■nrcLM!  dcflpotic  sway  over  bis  iutellMt.    I  do  not  fear 

THBty  Hiich  coiisumiuatioD.     Scittnee  ha.4  already  to  aome 

esti-'ut  leavened  tlie  world,  and  it  will  leaven  it  tnore  and 

more.     1   abould   look   upoii   the  mild  light  of  BcieucA 

bceakist;  in  upon  the  minds  of  tho  youth  of  Ireland,  and 

'  flfarengilicniii^  {^adually  to  tho  perfect  day,  sa  a  suter 

dnck  to  any  iut«lloct(ial  or  vpiritiial  tyranny  which  mij^ht 

thn-atcn  tliiK  i-ilmid,  than  ihc  law*  of  [iriiicfs  or  (he  swords 

«i!mp(;rors.     Where  is  the  eauie  of  fear?     Wf  fought 
d  won  our  battle  sren  in  the  Middle  AgtA ;  why  eliotdd 
..o  doubt  tbe  Usu«  of  s  conSict  now  ? ' 

This  panage  alito  wu>  dvcmed  tinocccsearily  warm,  and 
1  tborcforv  i>niitti-<l  iL  I  fear  it  was  an  act  of  wcaknevs 
on  my  part  to  do  so.     Fur,  ooniiidcriug  Die  aimx  and  nct« 

I  that  rcnowu*Hl  organisation,  whiob  fur  the  time  being 
idda  the  entire  power  of  my  critic's  Church,  not  only 
iliftanoci  to  iu  further  proj^reea,  but,  were  it  not  for  tbo 
telligenee  of  Koman  Catholic laym«n,  positive  rcstriclibn 
its  present  power  for  evil,  might  well  Imwohio  the 
Hue<u-iuar%'  attitude  of  society  as  regards  that  organisation. 
^A'ilh  some  slight  verbal  alterations,  therefore,  which  do 
j^ptt  impair  ita  drcngtb,  the  puwiagc  hiu  W-cn  mtorud. 

My  critic  is  very  hard  upon  tli*;  avowal  iu  my  Prefiuio 
regarding  Atheism.     Itut  I  bankly  confer  that  bis  bone«t 
^ardness  and  hostility  aro  to  me  preferable  to  the  milder 
|t  more  unfair  treiitmcnt  which  the  paes-tge  had  received 
,  membcra  of  other  Chuicbc^,     He  quotes  tbe  para- 
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^apli,  and  goes  on  lo  t&ji  *Wp  D-jn-at.  thU  U  ft 
remarkable  jkuim^.  Mocb  as  «e  dulik 
pokmics  villi  Rtrong  words,  ire  astert  thst  tfai*  AptAogj 
l-only  tends  to  affix  with  links  of  ste«l  to  the  name  if 
Prof««sor  Tyndall,  the  dread  impuUtioD  against  «hi«li  hr 

StjUgfilM.* 

Here  wc  have  a  very  fair  oxamplo  of  subjective  r»^ 
It^oiu  vigour.     Bttt  mj  quarrel  witli  tuch  oxhiliitioBt 
thut  th<!]-   do  not  alnys  represent  objective  SkI, 
atlici:!tic  ri^mninf;  can,  I  hold,  dlalodge  religion 
the  heart  of  man.     Logic  cannot  deprive  as  of  lib, 

[religion  is  life  to  the  religious.     As  an  experieDoe  of  ta^ 
BciousDess  it  ia  perfectly  beyond  the  aoaulta  of  lugie. 
the  religious  life  is  oft«a  projected  in  f>xl«ni&l  f( 
I  UHO  the  irord  in  its  widest  tente — and  this  rmbnili: 
of  the  rdigioufi  sentiment  will  hare  to  bear  men  tai 
more,  M  the  world  becomes  more  enli^^hlened,  tba  attoi 

'  of  MientiRc  tvffat.     We  must  be  cnr^^fiil  of  pn^ecttng  lato 
external  nature  tliat  which  hclongi  to  ourselvm. 
oritiu  commits  this  niitlake :  he  feels,  and  take*  del 

'in  ftwling,  that  I  am  stniggling,  and  he  olnrion^y 
periences  the  most  exquisite  |)leaHirea  of  '  the  tntuealar 
sense'  in  holding  me  down.  His  fedinga  are  a>  real,  » 
if  his  imugination  of  what  mine  are  vera  eqaally  raaL 
His  pivLuie  of  my '  struggles '  ts,  however,  a  mere  <li>(ttfi«i>i 
I  do  not  sln^^le.  T  do  not  fr^ir  the  charge  of  Athoan; 
nor  :ihoidd  I  even  disavow  tt,  in  refereoee  to  anj  defiiu' 
of  the  Supreme  which  he,  or  his  order,  wonlil  ht>  likelj 
rame.  Uis  Minks'  and  faia^stoel'  and  hb  *drrad 
Dutatioas'  arc,  therefore,  eveo  more  unsutwtatitial  ( 
my  '  streaks  of  morning  clond,'  and  Uiry  may  be  ptmi' 
to  vanish  together. 

Soon  mfiet  the  delivery  of  lhe*Bel&ri,  Addnw  *  Uio  al* 
and  rcfpoctcd  Bishop  of  Manchester  did  nw  the  hMtaai  <  ~ 
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nolioing  it ;  and  in  rfferc-ncc  to  that  iiotici;  a  liHt^f  am],  I 
troBt,  not  tmcourtvotu  remark  wan  iutroduccd  into  my 
first  Profooe.  Sinec  thst  timu  tbe  Bishop's  referenoea  to 
mo  bftve  btsen  vety  frequent.  Aasuredlj  this  is  to  me  an 
uaexpeoled  bonour.  Still  a  doubt  may  I'aiily  be  enter- 
tAined  whether  this  incessant  speaking  before  public 
•MemUieft,  on  a  profouudty  emotional  subject,  do«!s  not 
tend  to  disturb  tliat  equilibrium  of  bead  and  heart  whieh 
it  ta  atways  so  desirable  to  pre«ervo — whether,  by  (O^'iilT 
an  injurious  predominance  to  the  feelingi:,  it  does  not 
tend  to  swathe  the  intellect  in  a  warm  haze,  Uui.t  making 
the  perception,  and  consefjueiit  rendering  of  faets,  in- 
definite, if  not  untrue.  It  wag  to  tbe  Kisbop  I  referred 
in  a  recent  brief  discount  aa  'an  able  and,  in  many 
Kspe«ta,  a  courageous  man  running  to  and  fro  upon  the 
earth,  and  wrini;;iag  his  hands  orer  the  threatened  loss 
of  Ills  ideals.'  It  is  doubtless  to  this  sorrowin)*  mood — 
tJii*  pnrtial  and,  I  trutrt,  temporary  overthrow  of  the 
juilj^miint.  by  the  emotions— thiit  I  mit»t  ascribe  a  pro* 
L«blj  uncORsrious,  but  still  grave,  misrepresentation,  con- 
tained in  tbe  Itiahop's  last  reference  to  me.  In  the 
'  Times '  of  November  9  he  is  reported  to  have  expressed 
himself  thus :  '  In  his  lecture  in  Manchester  ProfcMor 
'J'yndall  as  much  as  said  that  nt  Belfast  ho  was  not  in 
bis  best  mood,  and  that  bis  dopondenoy  passed  away 
in  iiriglit<!r  m^^nn-nU.'  Sow,  c'lnsicWing  thai  a  vt-rVxitiiu 
ritport  of  the  lecture  was  at  Land  in  the  '  Mancbi->ster 
Examiner,*  and  that  my  own  corrected  oditioo  of  it  was 
to  be  ha<l  for  a  p»uay,  tbe  Bishop,  T  submit,  might 
have  affonled  to  repeat  what  I  actually  said,  Inslwid  of 
what  t  *  u  miK'h  as  said.'  I  am  aorry  to  add  that  bis 
rt-nili'ring  of  my  words  ts  a  vain  imo^nation  of  his  ord. 
In  my  lecture  at  Manchester  there  wU  no  ri-rcrriier',  ^ x- 
preaaed  or  implied,  to  my  moods  in  Belfast. 

To  all  eameit  and  honoit  minds  ao<|uainlrd  wilb  lite 
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paragraph  of  my  first  Preface,'  on  which  tht-  for 
remark   of  Giithop   Fxss^r,  and  Huuilar  remarkii  uf 
eccluaiasUcal  coUosgu«8,  not  to  meotion  those  of  hm  \ 
^epon$ibIc  persons,  ore  founded,  I  hare  the  deoisiMi  ofl 
ri|iu-H(ioii,wbt^thcrtlicir  mode  of  prcMnliitg  this 
tu  the  public  be  stniightforu-ard  or  the  reverse. 


Theae  minor  and  more  purely  penooa]  matton  it  as 
end,  the  weighUer  allegation  remaios,  that  at  Brl£ut  I 
■inisused  my  poioition  by  quitting  the  dumaiu  of  jcioice, 
and  maliiDg  an  unjuBtifialile  raid  into  the  dumun  tM 
tkooloj^y.  This  I  &il  to  see.  Laying  a^ide  aliuae,  I  hofa 
my  uccuacrs  will  consent  to  reason  witJi  me.  la  it  nut 
competoDt  for  a  ecientiBc  man  to  epcculatc  on  the  aBt«- 
cwlcnts  of  tlic  solar  ^stom?  IHd  Kaat,  l^plaoc,  mi 
W'illium  Ucrsch?!  quit  tlitnr  legilimat«  ipbrrcs,  when  tber 
prolonged  Uh;  iiit«lk-ctual  virion  bcyood  the  bouodarj 
cxpcricnci.-,  and  propotiodixl  tlia  ncliaW  ihnMj?  i 
c«pting  Uiat  tlieory  ajt  prvbable.  Is  it  not  p<tfiuitt«d  to 
I  ^ieulilic  nuin  to  follow  up,  in  idua,  tbo  series  of  cha: 
PBS80ciat«<l  with  t)ie  condenaution  of  tbe  oitbulic ;  to  pict 
the  Buocesdve  detadunent  of  planets  and  mooii%  and  U»e 
relation  of  all  of  Ibmn  to  the  buu  ?  If  I  look  apon  nic 
curtb,  with  it«  orbital  rovolation  and  axiol  rotation,  m 
one  mtall  issue  of  ihc  proocM  which  madu  thv  tmlar  aytlMa 
wbiit  it  i«,  will  auy  theoUigtOD  deny  my  right  to  eatertoia 
mid  rsprtHw  tliift  theoretic  view?  Timemewhea  a  nulU- 
tud«  of  titcologions  would  he  found  to  do  ao — whtai  thit 
nrch -enemy  of  science*  which  now  vaunt*  iU  Ijiteranro  wouU 
huTp  mode  a  Bpecdy  vnd  of  the  iiiao  vlio  migltt  ruaHmt 
to  pabli^h  any  opinion  of  tli«  Icind.  But,  that  time,  uuIcb 
the  world  ia  canglil  «tra.ngvly  slumbering,  is  f  :>mI- 

Aa  rc^iardi  Inofj^aic  nature,  then,  wc  i  i-tsc^ 

without  let  or  hmdranee,  tbe  whole  di<tancfc  wUcb  MfAiaM 
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the  oebulae  from  th«  wurldg  of  to-<ia;.  Rut  only  a  few 
years  ago  this  nnw  conceded  t^und  of  science  w.13  theo- 
logical ground,  t  could  by  no  tDeaos  regard  this  as  the 
final  and  Budidcnt  conoeseiou  of  tlicolo^ ;  and,  at  Bolfaet,  . 
I  tlioiight  it  uot  only  my  riijlit  lint  my  duty  to  state  that, 
as  regards  tbc  orj^anic  world,  wc  mtut  (Mijoy  the  freedom 
which  wc  have  already  wi>n  in  regard  to  tlw  ioorgimic.  I 
cAuld  not  dUcem  the  shn.-d  of  a  titl^deed  whicli  gave  any 
man,  or  any  class  of  men,  the  right  to  open  the  door  of 
oae  of  tliu«o  worlds  to  the  EcicDtilic  iH^rcher,  nnd  to  closs 
the  otlicr  agaiust  htm.  And  I  cont-idorcd  it  fiaiilcMtT 
wisest,  and  in  the  long  run  most  conducive  to  permanent 
pi>ace,  to  indiiMti\  without  eTasion  or  rcMirve,  the  ground 
tliat  belongs  to  Science,  and  to  which  she  will  a^isurcdly 
make  good  her  claim. 

Considering  the  freedom  allowed  to  all  manner  of 
opinions  in  Kngland,  surely  this  was  no  extravagant 
position  for  mo  to  assume.  I  have  been  reminded  that 
nn  eminent  predeoc«tnr  of  minr  in  the  PreKidcutial  chair, 
expretoed  a  totally  different  view  of  the  Caubte  of  things 
from  tli.'it  enuuciatod  by  laA.  To  doing  bo  lie  transgressed 
the  boiiutlfl  of  science  at  least  as  much  a«  I  did ;  but 
nobody  raised  an  outery  against  him.  The  freedom  be 
took  I  claim.  And  looliiug  at  what  I  roust  regard  as  the 
extravagances  of  tho  religious  world  ;  at  the  very  inade- 
quate and  foolish  notions  concerning  this  universe,  which 
are  entertained  by  Uio  majority  of  our  autliorised  roligiotu 
tcaclien ;  at  tlie  waste  of  energy  on  the  part  of  good  men 
over  tilings  uonorthv,  if  I  might  say  it  without  discourtesy, 
of  the  attention  of  enlightened  hejithcnif ;  the  figlit  abotit 
the  fripperies  of  Ititualism,  and  tliu  verbcd  quibbles  of  lite 
Atl  ■  m  Creed;  the  fofdng  on  the  public  Tiew  of 
1  I'ilgrimagM ;  tlie  dating  of  historic  epochs  from 

th«  definition  of  tlio  Immaculate  Uuneeption ;  tliu  pro- 
clamation of  the  Divine  Glories  of  th«  Saorcd  Heart — 
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standing  in  tho  midst  of  these  diimen»,  which  utoi' 
all  UuDking  men,  it  did  not  appear  to  me  extrnTB^uit 
claim  the  public  toleiancs  for  as  hour  and  a  half,  for 
gtatcmcnt    of    more  rcasonahiB    views;    views  mure  in 
aocorduiuTc  with  the  vcrititis  which  science  has  brougibt 
light,  hik!   which  many   wtnrjr  aotils  would,   I  thoogh' 
welcome  with  gratification  and  rt'lirf. 

But  to  ooroe  to  eliwt'r  quarUar*.  The  rapmnon  t 
which  the  mo«t  violent  eiCL-))(ioa  ha*  bc«n  token  ti  thb 
'  Abandoning  all  dlt^im^,  the  confeciioQ  I  fed  hmmd 
make  before  you  io,  that  I  prolong  the  vision  hsekmnl 
across  the  boundary  of  the  experimental  ovidenee,  and 
diaoem  in  tJiat  Matter  which  we,  in  our  ignorance,  and 
notwithstanding  our  professed  re^-erence  for  ita  Otator, 
have  hitherto  covered  with  opprobriumt  the  ptom>a»  and 
potency  of  every  fonn  and  qnality  of  life.'  To  call  it  a 
'  chorus  of  distent,*  as  my  Catholic  critic  docs,  is  a  nQil 
way  of  dc«cribing  the  storm  of  opprobrium  with  whicb 
this  Htjitiimcnt  has  iHwn  anailed.  But  the  firrf.  Iibut 
sion  being  paM,  I  hope  I  may  apain  wk  my  oppoDcni 
consent  to  reason.  Mrst  of  all,  !  am  blamed 
cros-ting  the  boundary  of  the  experimental  evidmen. 
This,  1  reply,  is  the  habitoal  action  of  the  si  i  "  mind 
— at  Icatt  of  that  portion  of  it  which  apj<  .1  tu 

physical    investigation.      Our    theories    of   lif^t,  heal, 
nia^H-lii'in,  and  elt'clricitr,  all  i'      '      '  '    _■  of  this 

biiiinilarj'.     My  papw  on  the  ' .-  1  ■  iie  Ima- 

gination,' and  my  'LecturBS  on   light,*  Uluatrate 
paint  in  the  ampleft  manner ;  and  in  the  liriof  diaeoi 
wliicli  follows  this  Addrt^M  I  have  souj^ht,  tnr.identally. 
make  clear,  tliat  in  physic*  the  experiential  Ini 
leads  to  Uie  ultra-ezjitfTienttul;  that   out   of  ei|(e: 
thoro  always  grows  something  liner  than  mere  ciperiMMtt' 
and  that  in  their  different  powers  of  idi«l  est<«oaB 
sist«i  for  the  mort  part)  the  diScrenea  betweoi 
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■nd  tlio  imiliooTO  investigator.  The  kin^oni  of  scienoe, 
ilico,  coEDutl]  not  b;  obBcn'ation  and  cxpcriintmt  iilone, 
but  ii  compleLed  hj  fixing  Ike  roob  of  observation  and 
experiment  iu  a  rc^tim  iuaoce9sib!etobot]i,and  in  dealing 
with  which  we  are  foioed  to  £iU  back  upon  the  pictutiog 
power  of  the  nuBd. 

PaMttig  tbe  boonduy  of  ezp«^icDoc,  therefore,  don 
not,  in  the  abriract,  constitute  a  lufficivnt  {^und  for 
ceoMUO.  There  must  hiive  bc«n  something  in  mv  |»r» 
ticiilar  mode  of  oroMing  it,  which  provoked  thU  tremendoui 
'chonu  of  dicwiit.' 

Let  lis  calmlj  reaAoa  the  point  out.  I  hold  the  ncbiilar 
theory  as  it  was  held  \>j  Kant,  I^aplace,  and  William 
Uerechol,  and  as  jt  is  beUl  by  tlie  beet  ecicntifio  intctlecta 
of  to-<lay.  According  to  it,  our  sun  and  planets  were 
once  diffuMxl  through  spiUM  u  an  impalpable  bate,  out  of 
wliic'h,  by  oondensation,  came  tite  solar  system.  What, 
caused  the  base  to  condense?  Loss  of  heat.  What  rounded 
tJie  sun  and  planets  ?  Tliat  which  rounds  a  tear — mole- 
cular force.  Fofjeons,  the  immensity  of  wliich  overwhelms 
man's  oonceptions,  Uio  earth  was  unfit  to  maintain  what 
wc  call  life:.  It  is  now  covered  with  viable  living  thing*. 
Tliey  are  not  formed  of  mattor  dilTercnt  from  that  of  th« 
csuih  around  Ihein.  They  are,  o»  the  coatnwy,  bone  of  its 
Lone  and  flesh  of  its  flesh.  How  were  they  introduced  7 
Was  life  impUcated  in  the  neb4die — as  part,  it  may  be,  of 
a  vaster  sod  wholly  Unfathomablo  Life ;  or  is  it  the  work 
of  a  Being  standing  outside  the  nebtibe,  who  fashioned  it 
andritaliscd  il;  but  whoM!  own  origin  and  ways  are  eqiaiUy 
pact  finding  out?  An  far  as  the  eye  of  Mienoo  bat 
hitherto  ranged  through  nature,  no  jntnision  of  purely 
erealive  power  into  any  series  of  phenomena  has  ever  been 
observed.  Tbe  aaanmption  of  sucb  a  power  to  account  for 
special  phenomena,  though  often  made,  has  always  proved 
a  failure.     It  is  opposed  to  the  very  spirit  of  sctenoe,  and 
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nsturul  Kcicnci'd  have,  within  thft  laat  fifty  yeui 
tb«  chitif(!iil  ttiitly  in  the  world ;  they  are  ia 
IiuiKiicd  wilh  an  activity  uDparaUeled  in  the  histoij  of 

inaakiad.  Scarce  a  year  now  passes  without  soma  dis- 
covery being  otade  io  these  scieocea  which,  as  with  the 
touch  of  tlic  magician's  wand,  sUivors  to  atoms  thc«n«« 
fonnorly  dc«med  unassailable^  It  is  Ihrougli  tbs  pbpii 
and  oattiral  »cicnoc8  that  the  fivrcostt  antaiilt*  are 
mndo  on  our  religion.     No  more  deadly  weapon  ii 

I  aLg^ngt  our  bitb  tban  tbe  beta  inoonteiitably  proi-ed  by 
medeni  researches  in  science.' 

Such  statements  must  be  the  revene  of  CMnfestaUa 
to  a  number  of  gentlemen  who,  trained  in  the  pbilowphy 

.of  Thomas  Aquinas,  hare  boen  accustomed  to  the 

^questioning  submission  of  alt  other  seieikces  to  tbet 
divinescienccuf  Theology.  Butsometliing  moreremaias; 
'  One  thing  seems  cortain*'  say  the  mcmorialrtE,  xiz^  '  that 
if  cbair*  for  the  physica]  and  natural  sciences  be  not  sera 
founded  in  tl»e  CabboUo  TJniTerttty,  very  many  yoosg 
mon  will  have  their  faith  exposed  to  dimgers  which  the 
creation  of  a  school  of  science  fn  the  rnlvcrrity  w»g' 
defend  them  fivm.  For  onr  generation  of  Iriith  Catltolii 
are  writhing  under  the  sense  of  Ibiar  infiTiority  in 
science,  and  are  dctennioed  tliat  such  inferiority  shall 
not  long  conliuiic  ;  and  so,  if  scientific  training  be  no- 
ttninable  at  our  I'nivcrsity,  they  will  seek  it  at  Triuh 
>r  at  the  Queen's  Collides,  in  not  one  of  which  is 
Catltolic  Profcwor  of  Science.' 
ThoM  who  imagined  the  Cstholio  University  at 
•aingtou  to  be  due  to  the  spontaneous  recognitJiia,  oa 

>  of  the  Roman  hierarchy,  of  the  intellectual  needs  ttj 
the  age,  will  derive  enlightenment  trom  this,  and  aL31 
from  what  folhiws:  fortliein    '  *"         •  '■    -' 

To  the  picture  of  C^llinlio  a  : 

the  Qwon'fi  CoUc^ses,  the  mcmTU-ialtstc  add  tlik  ^bal 
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ling,  in  roiigliur  ngcR  thai)  oitrs,  to  [^ifKical,  and  even 
OUT  own  'free'  »j^  U»  niordl,  violence. 

Vq  inciiUint  oonnected  with  the  proceedings  «t  Belfiut 
.  more  iiutruclive  tbaa  the  deportment  of  the  Catholic 
bierarchy  of  ljel;ind;  &  body  uanally  too  wise  to  confer 
notoriety  upoii  an  odvereuy  by  imprudently  denouncing 
tiim.  Th<i  *Tiin<,-s,'  to  wliicl)  I  owe  notliing  on  the  soon 
of  Ej-mpathy,  l>iit  a  great  dvul  on  (lie  score  of  fair  |day, 
wbero  K>  much  lia«  been  unfair,  thinks  tliat  the  IHsli 
Cardinal,  Arclilii.*Iiop«,  and  Bisliopa,  in  the  recent  inani- 
fe>^t%  adrviUy  cmploye<l  a  weapon  which  I,  at  an  unhicky 
moment,  placed  in  their  hands.  The  antecedents  of 
beir  action  cause  me  to  regaid  it  in  a  different  light ; 
Dd  a  brief  refbrenco  to  tliese  antecedents  will,  I  think^ 
luminate  not  only  their  proceedings  regarding  Bd&ut, 
but  other  doings  which  have  been  rocentJy  noised 
brood. 
Before  me  UeN  a  document,  bearing  tlie  date  of 
November  1873,  but  which,  after  appcariuf;  for  a  moment-, 
uaucoounlaUy  vanialiod  from  pulilic  view.  Jt  is  a 
Memorial  addrefued  by  Seventy  of  the  Students  and  Kx- 
ieot*  of  the  Catholic  University  in  Ireland,  lo  the 
episcopal  Board  of  the  University;  and  it  con^Ututea 
Iho  plainest  and  bravest  remonstrance  ever  addrcMMcl  by 
laymen  to  their  spiritual  paatorx  and  ma«t«ni.  It 
«sea  the  profoundest  diasatiaiaction  with  the  cur- 
riculum marked  out  for  the  etudenU  of  the  University ; 
Btting  forth  the  rxtm':>rdinury  fact  Uutt  t]i«  lecture-list 
gr  the  faculty  of  Science,  publiithed  a  month  before  they 
rrot«,  ilid  ni.>t  ci.n(iiin  the  name  of  a  single  Professor  of 
bo  Physical  or  N4tural  Sciences. 

Tho  memorialists  forcibly  deprecate  this,  and  dwell 
upon  the  ncocstity  of  edwtabioD  tn  tcienoe:  'The  distin- 
piishing  mark  of  Uits  age  is  its  ardour  for  sdcnoc.     The 
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Qenoan  iM-riodirtil, '  "c'l^  >•'' ''li'f  cuuite  uF  »  |i1im)iid 
■0  huiiiiUatin;;^  to  Ike  Catli<>lk'«  f     It  rsntiot  W  nrl 
to  vaot  of  natural  endowment  due  (o  c]Itoal.e  (far  Ik 
ProleslanU  uf  Soiitbtrn  Germany  have  contributed  pow^fs^l 
fully  to  the  creations  of  ttie  German  intellect),  but  purelj^ 
to  outward  circumr^tancca.     And  tbon  are  rosdil;  di»- 
oovercd  in  the  pressure   exercised  for  eeoturics  by  tli 
Jesuitical  system,  which   biu  entsliod  out.  of   CUholic 
every  tciidetioy   to   free   mentsl   produoUvencw.'     It 
indeed,  in  Catholic  countries  that  the  weight  of  tJit 
montaoism  has  bran  most  severely  felt.     It  is  in 
o»uatjies  that  the  rery  finest  spirits,  who  hare 
without    quitting  their  faith,  to   p1'?ad   for  ffeedoni 
tefurn!,  have  suifenyl  extinction.     The  eitincUun,  hmr*' 
ever,  wiu  more  appaiont  than  real,  and  Itermef,  HirKbpr, 
and  Oiinther,  tbough  indiTidiially  bfoken  and  suMi 
firepared  tfae  way,  in  Bavaria,  for  the  pervecuti-d  Init 
Riiiching  KrobMbaramer,  fur  DiiUinger,  mid  for  (he 
niarkabte  liberal   morement  of  which  DAUingnr  is 
liead  and  guide. 

Tbougti  ntouldMi  for  centuries  to  an  utMlieoce  tnK 
paralleled  in  any  other  country,  «xeept  Spain,  th«  Irub 
jiit<'II(Tt  is  bc^nniiifr  In  thow  ligns  of  iodepMuIeoee: 
demaodiiig  a  diet  mare  suited  to  it»i  years  than  the 
pabuliun  of  the  Middle  Ages.  Aa  for  tite  recent  maoi- 
fetto  in  which  Pope,  ranlinal,  Aicldinhnp*,  and  BbhofA 
are  united  in  oue  grand  anatbema,  itA  eJtaraeter  and 
fate  arc  shadowed  forth  by  the  Vision  of  KebuchadntaB* 
recorded  in  the  Bonk  of  Diiniel.     It  rcsomhl-  ■*^ 

Mh(i)M:   form  w:i*  te-rrilile,   but   Utc  gnldt  an'.:  .... 
braw,  and  iron  of  which  rrsXtA  upon  fisat  of  day.    And 
*tone  smiite  the  feet  of  clay;  and  the  irrn,  and  ;■ 
and  tite  silver,  and  the  gold,  Wfre  broken  in  |i.  . 
gethvr,  and  became  like  the  chaff  of  tfae  s ammer  thiw^ 
iog-Boort,  and  the  wind  carried  tbem  amy. 
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MoDdgnorCiiptiltuui  recently  Iwcu  good  eiiougli  to  pro* 
bbum  at  onco  the  friendlincaB  of  his  Churcb  towfLixls  Inia 
■oience,  am]  lior  right  to  d«t«<riniDfi  what  true  Ectenco  is. 
Lot  lis  dwrll  for  n  momr-nt  on  Ihc  proofs  of  her  sciv^itific 
Coidju-Utuoi;.  Wli.rn  Unlhty'u  coiiiut  appctirvU  in  I4.?6  it 
ynA  n>g)trd(^  at  the  liArbinger  of  Go<t'M  wn^-auce,  the 
flinpoaser  of  war,  pestilence,  and  fiunine,  and  )>y  onlvr  of 
tlie  i'ope  the  churcii  WIIb  of  Kurope  were  rung  to  scare 
the  monster  away.  An  additional  daily  prayer  v&a  added 
to  thr  Hiipplicutionti  of  the  faithful.  Ttie  comet  in  due 
liinv<ii>4p[H4Lr(:d,  and  tlio  fnilliful  wrc  comforted  by  the 
BHurauce  tliat,  as  in  pruvioiu  innlancco  niluting  to  cclipfi«^ 
droughts,  and  raiod,  so  also  a.*  rc^rd^  thtai  'uelariotM' 
cumet,  Tictory  had  been  vouchsafed  to  thtt  Church. 

Both  Pythagoras  and  Copernicus  hait  taught  the 
liocenlric  doctrine™that  the  eartli  revohif^i  numd  the 
Bun.  Ill  the  exercise  of  her  right  to  deCermiiK^  wlint  true 
fcience  is,  tlie  Churcli,  in  tho  Pontiflcate  of  ^iil  V., 
*t<7[ipdt  in,  and  by  the  mouth  of  tho  holy  Congregation  of 
tho  Index,  dt^tivered,  on  March  5,  Ifilfi,  \hv  fgllowiug 
decree : — 

A  wt  ukcT^aa  it  hiUK  also  a/mtt  to  the  hiou'ledge  of  the 
taul  hot>feon([regation  thcU  the  false  Pythagorean  doctrino 
of  the  vK^tility  of  the  eartkand  tha  immobility  of  th«  aun^ 
tntirdy  opponed  to  Holy  writ,  which  i»  taught  tiy  XicoUu 
Copernicus,  *«  not*!  publitJied  <U>road  and  recetrfd  bt/ 
many,  /n  ordtr  that  fAut  opinion  may  not  further 
itprfwi,  to  tlw.  iiamtif/f  of  Vt.ilhi>lic  truth,  U  u*  onlertd  that 
l/tie  anil  oU  other  books  tetiching  the  Uke  doctrine  be  9U«> 
pended,  and  6y  thie  decree  thatfan  ail  regpectitfHy  aii»- 
P«nded,foi-biddtn,  and  condctnncL 

tint  why  go  back  U>  \A56  and  IGIG  P  Far  tw  it  trem 
tun  to  charge  bygone  Bind  upon  Monsignor  Capcl,  wt^re  it 
uot  for  the  practicea  he  upholds  to-day.  Tha  most 
I  dogmatist  and  champion  of  the  Jesuits  is,  t  am 
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informod,  Pcrronc.     No  less  tliuo  Ibirty  edHiona  of  a 
of  his   havo  bocti   sCHtLcrviI  altrraid   fur  tlic   healing 
thv  luitioiis.      Hilt   notioiut   of   pbyatcal   a^ljMDomj 
virtually  thoae  of  1456.     He  teaches  boldly  that  'I 
does  not  mle  b;  universal  lav    .     .     .     that  wbea  Go 
order*  a  givoD  planet  to  staiKl  et-ill  He  d(w«  ool  de 
from  an;  law  paivod  by  HiiDiclf,  btit  onlen  that  pUne 
to  move  round  the  sud  for  such  and  such  a  time,  thru 
etand  still,  and  then  again  to  more,  as  Uis  pleasute  may 
be.'    Jesuitism  profcribed  l-'rohwluunmer  for  qawtiontBg 
itfl  furouritc  dogma,  that  n'ery  human  soul  wa» 
by  a  direct  supemiiluiul  ad  of  Qod,  and  for 
tlwt  inao,  body  itod  koiiI,  eame  from  his  i)«rcots. 
ifl  the  ^stem  that  now  strives  for  univeisal  puwvr; 
ia  from  it,  as  Monsignor  Oapel  graciously  informa  m,  tkat 
vc  are  to  learn  what  is  allowable  io  ecienecif  and  »bit 
ia  not  1 

In  the  face  of  such  fuet*,  which  might  be  multif 
at  will,  it  requires  extmordinaiy  bravery  of  miixl,  or  i 
reliance  upon  public  ignorance  ulmust  aa  eit 
to  make  the  claims  made  by  Mon^gnor  Capcl  for  b| 
Chnrcb. 

A  German  author,  speaking  of  one  who  has  bad  Utter 
experience  in  this  line,  d'-scribrs  those  Catholic  wrilera  wW 
refuse  to  submit  to  the  Congregation  -if  the  Index  as  out- 
lawed— fair  subjects  for  moral  ataasfd nation.'  Tbu  U  very 
strong ;  and  still,  judging  from  my  own  small  experiison. 
not  too  strong.  In  reference  to  tbi«  I  would  a?k,  not  with- 
out fpecial  reason,  indulgence  for  a  brief  pu^onal  aUanua 
hpTC;    It  will  Mr^'e  a  twnfuld  object,  one  of  which  will )« 


b> ' ChriiUalliim  dad  Ha  inadcnie  TViMcui'  citailm 

toUkehif  brT*J.  in  ET»t  [ml,  t<iro>,  but  Du,:  ...  HdalM  lte,i 

a«  ma  thu  I'upg'i  Muodo  oo«lil  pivriat  fifu  Lundm!  waifaeci  all 
Cniimil;  ut  M«iiicli  fttm  ugBJ^  an  JAJwm  lo  ibnt ', 
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the  other  ln-iitg  n-servod  for  future  Irratim^ut. 
Amiug  from  a  eource  In  wliioh  Die  Bible  was  iipecially 
^K,  m;  early  traimog  was  confined  almost  exclusively  to 
JF  Born  in  Ireland,  I,  liko  my  prodcccasors  for  tnany 
ilions,  was  tatiglit  to  hold  my  own  against  tht;  Churvh 
Dine.  I  bad  a  father  whoGv  memory  ought  to  Iw  to 
[  a  stayi  and  an  i;xampl<;  of  unK-iKliiig  rvctitiidv  and 
^ty  of  lif«.  The  sroa]]  «tock  to  which  he  Iwloiigi^ 
Matt«rm)  wi'.b  variouii  fortunes  along  that  eaiitem 
of  Jjeinster,  from  Wexford  upwards,  to  which  they 
ed  from  the  Brintol  Ouiniud.  My  btlicr  wa^  the 
IpooTMt  of  them.  Socially  low,  hut  mentally  and  morally 
high  and  independent,  by  his  own  inner  energies  and  affi- 
iefi  ho  obtained  a  knowledge  of  hiatory  which  would  put 
I  to  shame ;  while  the  whole  of  the  controverey  between 
tantism  and  Ruinjuiiicm  mm  at  fab  fingers'  ends.  At 
pfVKUt  moment  the  work*  and  characters  which 
npied  bim  come,  as  fur-off  rccoUectionii,  to  my  mind. 
'Qaudo  and  Bomuot,  Chillingwortb  and  Nott,  Tillotson, 
emy  Taylor,  Cliallonvr  and  Uilner,  Topo  and  McGuirv, 
,  others  whom  I  hai  e  forgotten,  or  whom  it  is  necdlcM 
ar.  Still  thU  man,  so  charged  wiUi  the  ammuuitioa 
ODtroTeniy,  was  so  respected  l>y  hiK  CutlioUo  fellovr- 
1,  that  they  one  and  all  put  up  their  xhnttvn 
he  died. 

such  a  precflirtor,  and  with  an  bt;re<1ttary  int^^nast 
^B  the  Papal  controvvmy,  I  naturally  went  into  it.  I  did 
^B  oonfine  myielf  to  the  ProUwUint  rtat^^mcnt  of  tlte 
^Hciion,  but  made  myHelfalio  aci|uainted  witli  the  argu* 
^■nls  of  tlie  ('hurch  of  Home.  I  remember  to  this  hour 
.  the  interest  and  surprise  with  which  I  rend  Challoner's 
I' Catholic  CliriHtian  Imtracted ; '  and  on  the  bnrder-liua 
Ibetweea  boyhood  and  manhood  I  was  to  be  found  taking 
;pBit  in  controrerBies,  in  which  the  rirol  faitJta  were  pitted 
a^inst  each  oU>cr.  I  aomcliraix  took  the  Catholic  ado, 
2ft 
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and  gnvc  mj  Protestant  anUigonut  eoositlcmhlu  titmUj 
Th«  vienra  of  Irisb  Oktbolica  became  thus  ipUinaifl^  kuui 
tu  luo,  aod  tliere  was  Jto  doctrine  of  Prot««taDiisai  wk 
tbey  more  emphatically  rejected,  awl  the  atcription  at 
ithich  to  them  they  resented  more  iranitly,  thao  the 
doctrine  of  tbo  Popo'ii  pcn«<iuil  infallilrility.  Vet  is  the 
facv  of  this  knoirlvdgo  it  wa«  obctinatcly  asserted  and  r»- 
aiiscrt<d  in  my  presence  some  time  ago,  hy  a  Catholic 
pric«t,  tliat  the  dooLrin«  of  tb«  infallibility  of  tbc 
had  always  1>een  maintained  in  Ireland.* 

But  this  is  an  episode,  intended  to  disabuse  |ho«»^ 
in  tilts  country  or  the  United  States,  may  bare  ti 
led  by  rocklvwi  porsoos,  in  regard  t<i  tlie  persooal  poiila 
referred  to.  I  now  return  to  the  impenonal.  The  ooidm 
of  life  upon  earth,  b«  f ar  as  Scienw  oaa  wb,  Imis  been  oa» 
of  amelioration — a  steady  adntnco  on  tbo  ivIioIb  fnai  tfci 
lower  to  the  higher.  Tlie  eoutinucd  effort  of  animated 
nature  is  to  improve  its  oondilion  and  raise  it*c-lf  Ut  a 
loftier  level.  In  man  improretacnt  and  ameliotalMt 
depend  ]ar-;ely  upon  the  growth  of  eon$cioua  knowled^ 
by  which  the  eirors  of  ignoianoe  are  continually  mgakedi, 
and  truth  is  oi^Di«et1.  It  i»  aiMuredly  the  adx-ano*  «f 
knowledge  tliitt  hax  given  a  materialistic  citlimr  Vy  ihe 
]ihilo9ophy  of  this  age.  3Iat«tiaUsm  in  thitrefom  snl  a 
tbing  to  be  mourned  over,  but  to  be  bonefitly  oonsidend— 
accepted  ifit  be  wholly  true,  rejected  if  it  be  wliiiUyU». 
wisely  fiiflcd  and  turned  to  account  if  it  etabnwe  ■ 
mixture  of  tnith  and  error.  Of  Ulo  years  tbo  stuly  of  tl* 
nervous  system,  and  itK  retalion  to  thought  and  &cUsC> 
tiave  profoundly  occupied  enqturing  mJoda.     It  >•  o 


'  Ob  a  mamarj  vUA  ikif«  liack  In  mj  ttttiMh 

tncliscd  (a  rdj  hr  proof  Uui  <!.. 
■ail  ia  the  naino  td  Ui  CliUA-li,   • 
falUbUil}. 
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dtit;  not  to  shirk — it  oii;;ht  rather  bo  bo  our  privilege  to 
accept — tho  cstal)liKltL->;l  rcsiilU of  Hiich  cniiiinra,  for  hurn 
BMuicdly  oiir  iiltiimitc  weal  dcpendu  upon  our  loyalty  to 
tiio  tnitb.  laalruded  an  to  th«  coni  mI  wliiclt  the  ni^rvoua 
system  exercises  over  man's  moral  and  inU-llc-ctual  natiire, 
we  Bball  be  better  prepared,  not  only  to  mend  their  maoi- 
fr>td  d«fect«,  but  nUo  to  Btrengthon  and  purify  both.  Is 
mind  dc|;ndcd  by  this  rccof^ition  of  it«  dopcndcucc? 
Awiiredly  not.  Hatter,  on  tho  contrary.  U  raised  to  th* 
Icvi^l  it  ought  to  ocuupy,  and  from  whioh  timid  ignorance 
would  remove  it. 

But  the  ti^ht  is  dawning,  and  it  will  become  strong«r 
time  goes  on.  Even  the  Cri};hton  Con;^r«fl  affords 
idence  of  this.  From  the  manifold  confusionit  of  that- 
•iMimbln^  my  memory  has  r<-«oiipd  two  itcm^  which  it 
W'liltl  fiiin  pnTKcrti'c :  tlte  recognition  of  u  relation  between 
Healtli  and  Kdigion,  and  tho  addrem  of  the  Rov.  Hairy 
Junea.  Out  of  the  Nintlict  of  >-anities  bia  worda  emerge 
wholc-aomc  and  stronvt,  because  nndrujR;ed  by  dogm«f 
coming  din>ctly  from  tlto  warm  brain  of  one  who  know* 
wluit  pradtnd  truth  mi-ans,  ami  who  ha»  fsitb  in  its 
vitality  and  inbftrviit  power  of  propagation.  I  wonder  it 
hf  ]••*!»  cfTvcliial  in  hie  ministry  than  his  more  pmbraidcrcd 
colluaguni'  ?  It  imrely  behoves  our  teachera  to  come  U>  some 
definite  underatanding  as  to  this  qtieation  of  health ;  to 
see  bow,  by  inattention  to  it,  we  are  defrauded,  negatively 
and  positively:  negatively,  by  the  privation  of  lltut 
*swoct]K-M  and  light' which  ia  the  natural  concomitant 
iif  gmwi  Ufiilth  ;  pnnitivfly,  by  the  insertion  into  life  of 
CJnici^m,  ill-temper,  and  a  thousand  corrodiug  unxieliea 
which  good  health  wmild  dissipnt*.  Wc  fear  and  awirn 
'  Tiiatcrialidm.'  But  he  who  know  idl  about  it,  and  aohid 
a|jl)!v-  his  knowlodfici,  might  bi-come  tho  preacher  of  a  nea 
Ijoifpel,  Not,  however,  through  the  ecstatk  momenta  of 
the  individual  doc«  such  knowledge  come,  but  llirougli 
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the  revetntioDs  of  kicdoc,  in  conoccUoo  with  the  hi 
nf  mankind. 

Why  should  the  Bomitn  CnLbolic  Clinreh  nil  glutt 
a  mortul  sin  ?  Why  sbniilil  faffing  ttcciipy  a  plaoe  in  t. 
clii>c)pli»«  uf  religion  ?  Wlmt !»  the  mining  of  LntW^ 
advice  to  thv  yoiing  elorgymau  who  came  Ui  bim,  perplexMj 
with  the  difri<;uUi»  of  predestination  and  clociion,  if 
Im!  not  that,  in  virtue  of  its  action  itpou  the  hraiu, 
wisely  applied,  there  is  moral  and  loiigioufi  virtue  er. 
in  a  hydro-carbon  f  To  nse  the  old  lao^pin^,  food 
drink  are  creatures  of  God,  and  bavo  therefore  a  fpiritad' 
v«lue.  The  atr  of  tbe  Alps  would  bo  augtnentc^d  toifuU 
in  purifying  power  if  tbis  truth  vent  rcooguMld.  Through 
our  neglect  of  the  monitions  of  a  rcaMaable  mntertaltRa 
«c  sin  and  xofTcr  daily.  I  tniglit  here  pctitit  to  tbe  tnfa 
of  dcitdly  disorders  over  which  wicnce  ha*  givim  nudffll 
society  such  control — disclosing  the  Wr  of  tbe  tualcrial 
enemy,  ensuring  his  destmcLion,  and  thus  prer^iting  tbal 
moral  equator  and  bopeleesuMs  vhicb  habitually  tnad  tm 
the  he^  of  epidemics  in  tbo  cose  of  Ibc  poor. 

Riaiiig  to  higher  spheres,  the  virions  of  Swedtml 
and  the  ocstucy  of  Plotiniu  and  Porjibyry,  are  jhan 
that  psyctiical   condition,  obvioa^Iy  connecte*!  with 
nervous  ayvtem  and  state  of  health,  on  which  »  toMvl 
Vedic  doctrine  of  the  abwrption  of  tbe  individual  iDt» 
tJia  tioii-ersal  soul.     Plotlnos  taught  ihe  i1>  •  t> 

pass  into  a  condition  of  ecstasy.  Porphjr?T  _  __. ,  -..ai  of 
baring  been  only  once  nnited  to  God  in  agbtr-ux  nas 
while  his  master  Pl'>(iniu  lind  been  «n  ci  -   tinmis 

Blity  yiir*,'     A   fiieml   who  krt'-w  W- 


'  I  nvumnii'Di]  bi  lb*  norirr't  putii-uL-ir  ullisuui  Ito.  l>^(ar'a 
lAU  mtk  wOilM,  •  niMiirj  of  lb*  OmiDWi  Wvwa  Prfif-r  %a4 
(HaMTi.  B.  S.  Kiiut  asd  C^y    ncfa,  ia  tnul!  Knnpu- 
ifoifUaa  tit  tim  Uof  ocMIiivm!  tiraafit  fcitmcn'.'Mtec. 
CkttwA. 
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QIC  tliat  llie  poi^t,  In  some  of  bis  moods,  nas  acciutomed 
to  Mttu;  tiold  uf  an  extfiniul  abject  to  astiure  hims^lt'  of  hia 
own  Ixxlily  existence.  No  one,  I  ebould  say,  hus  had  a 
wifliT  experience  in  this  field  than  Jlr.  Emcnon.  An 
BtaU-ft  of  conacioiuiicss  those  pficnomcna  b«v«  an  iuidis> 
puUd  reality,  and  a  »ibstuDti«]  idvntity;  biit  they  »« 
connected  with  th«  most  hotcrogent-ous  objective  concep- 
tions. Tho  «ubji-4:t)VA  (-xiMirieDoes  are  similar,  because  ol 
the  similarity  of  ihu  underlying  nervous  organisations. 

But  for  those  nho  wish  to  look  beyond  tho  practical 
facts,  tJirte  will  al^rays  remain  amploroom  for  (peculation. 
Take  the  argument  of  tho  Lucrctian  iiitro<liiced  in  the 
foregoing  Address  at  pago  498.  As  far  as  I  am  aware,  not 
one  of  my  assailants  ba*  att^'Uipted  to  answer  it.  Some 
of  them,  indeed,  rcjoicn  over  the  ability  displayed  by 
Bishop  Uutlur  in  rolling  hack  the  ditSculty  on  his  opponent; 
and  tliey  even  imagine  that  it  is  the  Bishop's  own  argii- 
meut  that  i.t  tiien)  employed.  Instructed  by  self-know- 
ledge, they  can  hardly  credit  me  with  the  wish  to  stato 
both  nidej  of  the  question  at  istuft ;  an<l  to  show  hy 
reaBOuing,  stronger  than  Butler  ever  u«»h:1,  the  ovenlirow 
which  awaits  any  doctrine  of  mnterialism  based  upon 
Ijie  defitiitiouK  of  matter  habitually  received.  Cut  the 
raising  of  a  new  diSicidty  does  not  abolish— does  not 
«Tan  lessen — the  old  one,  and  the  ar^ment  of  tlie 
T.iifretian  remains  untouched  by  anytliiug  the  Bishop  has 
Raid  or  cua  say. 

And  here  it  may  be  permitted  mv  to  add  a  word  to  an 
im|kortant  controversy  now  going  on.  In  an  article  on 
'  I'hysics  an«l  Metaphysics,'  published  in  the  *  Saturday 
Koviuw'  mor<:  than  fourteen  years  ago  [1860],  I  vcntorcd  to 
state  thu»  the  i<lJ  problem  of  the  r^-lutton  of  physics  to  con- 
•cio(i«iiei'3 :  'The  philosophy  of  tlw  fiitun:  will  astiinxlly 
take  more  aooount  than  tliat  of  tlto  past,  of  Die  relation  of 
tliought  and  fcdling  to  physical  processca ;  and,  it  may  be, 


CfiO 


FRAG1IE.TFS  O?  SCIEXCR. 


that   tbc  ([iialitiM  of  Mind  will  be  studied  thrr-i. 

orguukin,  hh  we  dow  study  the  c)ianc(«r  uf  Forcv 

tlio  tiTtictioDS  or  ordinary  nutter.     W'b  believe  tbat  errr 

thougbt  and  evoi?  feeling  h»   its  deGnit«i 

coiTelative  in  tlie  Dcrvous  eystem — that  it  is  acoantii 

bj  8  certain  Jcp&Tation  and  rcmarvballing  of  tlio  vtoira  of 

thv  bnun. 

'Tliis  latter  process  is  purely  pbytieal ;  sod  wvn  1^ 
faoidlies  we  now  posMas  sufficiently  strengthened,  vitboot 
ttie  orcntion  of  any  new  faculty,  it  would  doobtleM  be 
U'iUiin  the  range  of  our  augmented  powen  to  infer  fiiint 
tlie  molecular  state  of  tl>e  brain,  tbe  diaracter  of  Uis 
thoiigbt  acting  upon  it;  and^  conrerMly,  to  infer  firaii 
tbe  thought,  tbe  exact  corresponding  molecnlar  cooditioa 
of  tbe  brain.  We  do  not  say — and  this,  as  will  be  s&m, 
is  all-important — that  tbe  inference  here  refoned  to 
would  be  an  d  priori  one.  What  we  ny  is,  that  If 
obecn-ing,  with  tbe  facoltic*  we  aasnme,  th«  state  of  tim 
brain,  and  the  associated  mental  affecUooK,  both  migbl 
be  Eo  tabulated  side  by  side,  that  if  one  wcrr  givtro,  a 
mcic  reference  to  the  tabic  would  declare  the  other. 

'Given  the  uanKs  of  the  phincia  and  tbtsir  dlUasM* 
lumnder,  and  we  can  infer  the  perturbations  eoDsajOiiiit « 
their  mutual  attractirai!i.  Oiren  the  nature  of  a  diitwb- 
anee  in  water,  air,  or  aether,  and  from  tbo  phynnl  pn- 
poTtic«  of  tbc  medium  we  can  infer  bi<w  it«  pBrtidea  will 
bo  affected.  Tbe  miud  runs  along  Uic  litra  of  tbangM 
which  connects  the  phcoomcna,  and  from  bcgionug  !• 
end  Gnd«  no  ln«ak  in  the  chain.  Hut  when  we  esKkaWK 
to  pa98>  by  a  fdmilar  process,  from  tlie  phynos  oC  the  ban 
to  tbe  phenomena  of  consdoajness,  we  meel  a  pnblaa 
which  tnnscenda  every  coDc<>ii'able  expnT  -he  povvn 

wc  now  ponees.     Wo  mvf  think  over  '._._       .je*t 
anil  again;  U  eludes  all  intellectual  pnnoit 
•land  at  length  fiice  to  Ctre  with  tbe  InentnpreliennUe.' 
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W  Tlie  dieinimion  above  referred  to  turna  on  tb«qucxtioD: 
Do  »Uibvf  of  coiMciousDem  enter  as  links  into  Ihe  chain  of 
»nt«cc<liMtcn  ami  eeqoeaco,  which  give  rise  to  bodily  actions, . 
and  to  otti«r  ttates  of  oonsctousneaa ;  or  are  tbey  merely 
fty^rorfud*,  wbidi  »ro  not  essential  to  the  physical 
pmcpiises  goiof;  on  in  the  hniu  ?  Speaking  for  mywlf,  it 
ia  cfritaiu  that  1  have  no  pover  of  imaj^ining  states  of 
OMUoiouanesa,  inteqxMed  between  the  molecules  of  thu 
tfrstn*  and  influencing  the  transference  of  motion  amon^  . 
the  molecules.  The  thought '  eludes  all  mental  preeent^ 
tion ; '  and  faencc  the  logic  teems  of  iron  stroDgth  which 
rl:itms  for  Uic  brain  an  autoiiuitic  nctiiD,  uuinfluciicvd  by 
stales  of  coojciinufncss.  But  it  i^s  I  believe,  aduiitU.-d  by 
those  who  bold  the  automaton -theory,  that  states  of 
eonsciousDess  are  prodwxd  by  the  marshalling  of  tlie 
molecules  of  the  brain ;  and  this  production  of  conscious- 
UBiij  by  moleeular  motion  is  to  me  <]tiitv  as  imthinkablu 
a»  th«  jiroduction  of  molecular  motion  by  coniciouvnexs. 
If,  therefore,  unthinkability  be  the  proper  test,  I  miud 
e>[ually  rejtct  both  claseee  of  phenomvua.  1,  however, 
TLjc-ct  neitbi^r,  and  thus  stnod  in  tlic  prv^tcuce  of  two  In- 
eonipTL-hmsibiea,  instead  of  one  lucumpFehentiiblev  While 
Hce<.-pting  fi-arlc»1y  Uic  Kicts  of  materialism  dwelt  upon  in 
tbeso  page*,  I  bow  my  hbad  iu  the  dusl  before  Ibat 
tnyiitcry  of  mind,  which  has  hitherto  defied  its  own  pene- 
truLive  power,  and  which  may  ultimately  resolve  itself  into 
a  demonstrable  impossibility  of  self-pcnotration. 

But  the  KcTot  is  an  open  one — Ibe  pmctical  monitions 
are  plain  unough,  which  di-«lare  that  on  our  <li;alings  with 
matter  depends  our  wviil  or  woe,  physical  and  moral. 
T))c  state  of  mind  which  r^'licls  against  the  recognition  of 
the  claims  of  *  iniiU-jialijHm '  is  not  unlcnown  to  m«.  I 
can  remember  a  time  when  I  regarded  my  body  as  a  weed, 
K>  much  more  highly  did  I  prize  tbe  conscioiia  strength 
■UK  derivitd  from  moral  and  religioits   feelingj 
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— vhich,  I  may  a*l<J,  was  mine  wiUiont  the  iotrnrentioB  «f 
(]o^;ni&.     The  error  vru  not  an  ignoble  one,  but  thi*  diil 
not  save  it  from  the  penalty  sttacbod  to  cmr.    Smatt 
knoirlvdgc  taught  me  that  the  body  ii  no  weed,  adiI  tbU 
if  it  were  treated  as  Buoh  it  would  infallibly  aveoge  Jt«lf,    m 
Am  I  persoBally  lowered  by  this  change  of  franl  ?    Noflj 
wt.     Give  me  thfir  health,  and  tliere  is  do  s]iiritual  ex-^^ 
perienoe   of  thnee  earlier  years — no  reeolre  of  duty,  or 
wort  of  mercy,  no  net  of  splf-nmounccmcnt,  no  solemi 
of  thought,  DO  joy  id  the  life  and  aspect*  of  natu 
would   not   ittill   lie   mine;  and  this  nithuut   the 
reference  or  regard  to  anj  purely  personal  reward  or  |hb- 
^ishment  loomioR  in  the  future. 

As  I  cIoM  tbi.-«c  rcnuirks,  the  latest  ntterances  of  the 
Bishop  of  Peterborough  rc*oh  me.     I  obeerre  with  n^^t 
^tliat,  notwithstanding  all  tlu^ir  '  expanriveneo,'  both  be 
ad  hi*  Right  Hev.  Brother  of  Manche«t«r,  appear  to 
know  almost  as  little  of  t)ie  thing*  which  belong  to  our 
B,  as  that  frenxied  ritualist  wfaoi,  a  day  or  two  ifio. 
Ttaised  the  cry  of  *  excommunicated  heretic ' '  against 
Bisliop  of  Natah      Happily   we  have  amoi^^   ot 
Ljowetts  and  our   Stanleys,  not  to  mention  other  btsT 
(zneD,  who  see  more  clearly  tbe  dtaxacter  and   m^nilnda' 
of  the  coming  struggle ;  and  who  beliere  undoubtingly 
that  out  of  it  the  truths  of  ectcnoe  will  emerge  with  heal- 
ing in  their  winge. 

And   now  I   have  to  uUer  a  < farewell'   D«e  firosi 
bitlemees  to  all  my  readers ;  thanking  my  friends  for  ■ 
sympathy  more  »tra<Ifiut,  I  would  fain  bt'lieve,  if  l«s  noin', 
titan  the  antijutliy  of  my  foes ;  and  commending  to  the« 
a  passage  from   Htnhop  Hutler,  which  Ih*'^  hare  «tl 
not  read  or  failed   to  lay  to  heart.      *  It  sterns,*  adt 
the  Bishop,  ■  that  men  would  be  stsangdy  headstroi^  aad^ 
•vlf-willed,  and   disposed   to  exert  themsdva   wlUi 
impetuosity  which   would  rendBr  soeieitj  ifUuj^rl»U«t 
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and  Uio  living  in  it  impracticable,  were  it  not  for  some 
acquired  moderation  and  aelf-goveniment,  some  aptitude 
and  readiness  in  restraining  themselvea,  and  concealing 
their  sense  of  things.*  In  temperance  of  language,  at 
least,  Ms  Grace  the  Archbishop  of  Canterbury  has  set  a 
good  example.' 

John  Ttndall. 
AtxxKMVtt  Clob  : 
Dan^tr  0,  IS71- 


A  Itill  more  ramuk&bla  illoiUation  of  atweace  of  TituparatJoa,  i 
eiatad  with  rasl  Mnentiflc  iniight,  ii  fumiihod  b;  the  wrmoa  of  the  Bishop 
o(  Osdialts  nporUd  in  ths  '  Oafoid  UoiTeni^  Herald '  for  NoTembsr  28. 
1874.  To  Dr.  Qoany,  and  to  ft  eontribator  in  ths  cnrFont  nnmber  of 
ths  'British  Uoutetly  Se-riew,'  my  apadal  BcknawUdgmenU  an  daa. 
(HonBb«,IB75.) 
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atrSTALS  AlVD  MOLECULAR  TORCB. 
1874. 

A  FEW  rears  iif^  I  paid  a  vii<it  to  a  largo  school  n 
country,  and  was  asked  hy  tlio  priDcipoI  to  pToj 
lemon  to  one  of  the  cUiaM.  I  agreed  to  do  an,  proti 
lie  would  l(-t.  tnc  havA  thit  yoiin^wt  boys  hi  lut* 
To  this  he  willingly  aseeated :  and,  after  nutioff  about 
m;  miod  aa  to  what  could  bo  aid  to  tbe  little  Celloat, 
I  w«nt  to  a  village  bard  by  and  brongbt  eauw  «tgai> 
candy.  Tliis  was  my  touching  apparatus.  Tbe  b«^  lax- 
itig  usscmblcd,  I  iMsgan  by  dcKribing  tbe  way  in  v^idi 
Eugnr-candy  and  other  artificial  crystals  are  funrird,  anJ 
tried  to  plaoo  vividly  ^M.•fnTe  their  young  nundf  l]ie  ardii^ 
tM:lur»l  proceM  by  which  oryttala  are  built  np.  TIm^I 
liiitcncd  to  me  with  eaget  interest.  I  exanuDeil  Ih^ 
oystal  before  them,  pointing  out  its  various  laces  aaJ 
angles ;  and  when  they  found  thai  in  a  certain  dirvctioo  II 
could  bo  Fplit  into  thin  laminap  nilh  Khining  Furdoct  "i 
cleavaj^r,  tbclr  joy  was  at  it»  hcigliL  Tlmj"  bad  a* 
Doti»n  that  the  thing  tbey  had  t>een  crunching  md 
Bu<:king  all  their  lires,  embraced  so  many  hvUca 
points  of  bcanty.  I  spent  a  viiy  plmsant  hour  willi 
these  young  philosoph<-rs ;  and  at  the  end  of  tbe  ltm» 
emptied  my  pockets  among  thv  olatu,  and  permiltnl  then 
to  experiment  npoa  the  KUgar-caady  in  the  way  vm^t  . 
toboyt.  I 

I  know  not  wUetber  Oiia  gremi  asM«ibIy  will  deoa  D 
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imperUneiue  oo  my  port  if  1  seek  to  instnict  ih^in,  fur 

bour  or  80,  oa  the  sabject  chowD  for  mj  olofo.     In 

ig  so  X  ran  tbc  immmcut  rUtc  of  being  wearisome  as 

u  impcTtuioat ;  wlulo  Ubourin};  under  the  furUter 

Irantage  of  Dot  boing  sbU  to  tuukc  matters  pleaaaot 

the  oonclusioa  of  the  lecture,  hy  tbe  procots  adopted  at 

end  of  my  leaaoit  to  tive  boys.     Tlic  i^poriinvnt,  how- 

mmt  be  made. 
We  are  to  consider  tilts  evening  some  of  th«   plt»> 
of  Crystallisatian ;   ttut   in   order  to   trace   tbe 
of  the  DotioDS  now  entertained  upon  tlie  subject, 
lutv«  bo  go  a  long  way  back.   In  the  dravring  of  a  btrar, 
tlurtiiij{  of  a  javi-lin,  the  Uirowiiig  of  a  etooc — in  tho 
ing  of  btinii^nii,  mid  in  persooal  coml«t«,  even  Mivago 
:n  bfciune  aoquiiuted  wilb  tbe  operation  of/ore^,     liiti 
fttfuru   were  diiected   towards    securing    fouil   atui 
.ter  ;  but  ages  of  disciptine,  during  wbich  bis  jtowur 
diiectod  against  nature,  against  his  prey,  and  againsL 
ftUow-mao,  t«ugbt  Mm   fortnight.     IIo  laid  by  at 
proper  Ecanon  store*  of  fixxl,  tliui  obtaining  time  to 
about  liim,  and  to  become  an  oUerver  and  enqiurcr. 
diccovercd  Vto  tbiugs,  which  must  have  profoundly 
bid  curiosity,  and  sent  down  to  us  the  record  of 
discover;,     fie  found  that  a  kind  of  resin  droppcal 
m  a  certain  tree  poesessod,  when  rubbed,   tbe   power 
drawing  light  bodies  to  itself,  and  of  uauning  tbnm  tu 
Ig  to  it;  and  be  also  found  that  a  partiL-ular  stuno 
exerted   a    similar    power    over   a    particular    kind    uf 
motaU     I  allude,  of  iwureo,  to  electrified  amber,  atxl  tn 
Um  loaiUtonv,  or  natural  magnet,  and  its  power  to  attrai;l 
B^tfticles  of  irou.     Previous  eiporivoce  had  enabled  our 
^aiflr  enquirer  to  dbtinguiiih  bctwM^n  a  pu«h  and  a  pull. 
In  fuct,  mUHiulaT  edWU  migbt  be  diridMl  iulo   puilw.^ 
and   ptilk.     AugmuntMl  experience  iliowed  him  that  in 
Uie  CMO  of  ibe  magH)^  and  tlio  amber,  pulls  and  pushes 
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attiactioiu  and  repulsioits— ^were  also  euHed ;  and,  I7 
kind  of  poetic  tnutsFer,  he  applied  lu  things  ectend 
to  himself,  the  conceptaooa  derived  from  the  excroM  of 
bi«  own  muscular  power.  I'he  toagnet  and  the  mbM 
amber  aUo  pus)i«(l  aod  pulled,  or,  in  other  wonta,  exettei 
forc«. 

Iq  the  time  of  the  great  Lord  Itacon  the  margin  of 
I  puitbos  and  pulU  wa«  rastlj  vztetided  hj  Dr.  Gil* 
,  a  man  probahlj  of  firmiir  fibre,  and  of  finer  htrigU, 
than   Bacon   himiurlf.      He,   moreoTer,  vai   onn  of 
rliett  to  enter  upon  that  careor  of  wrere 

reh,  which  has  rendered  physical  acietieii  alnoat 
able  as  the  ityctem  of  nature  which  it  profeaaoa  t« 
plnin.  Gilbert  proved  that  a  multitude  of  other 
wlien  rubbed,  eiertml  the  {tower  nhicU,  tboudtands  of  fnn* 
previously,  had  been  oheerved  in  amber.  In  thi>  war  the 
notion  of  atitac^ion  aiid  repidsion  in  external  nature  m 
ivndcrt-d  fumiliur.  It  watt  a  matter  of  experienea  that 
bodies,  between  which  no  Ttsiblo  link  or  monectii* 
t^Kii<t«<l,  pn8»!Med  the  power  of  avting  upon  each  other; 
and  the  action  came  to  be  technically  c»1Im]  *  sctim  at 
diftfamce.* 

Unt  out  of  experience  in  sciem-e  there  alwajn  gn. 
iiome1hin<;   finer  than  mcro  eKpenenco.     Experieucv, 
lad,  only  ftimi«hes  tho  eoil  for  planta  of  higher  gsowthi 
nu'l  this  ohNcrvation   of  action  at  a  distanoe  fumbbed 
,  material    for  «pectihiLi<m   tijion  the  largest  of  problenu. 
Jodies  were  oh«ervod  to  fall  to  llio  earth.     Why  vbnM 
they  do  so?     The  earth  was  proved  to  re^oKo  >T>QDd 
xtm ;  and  tlie   mocHi  to  revolre  lonuul  the  earth.     Vih] 
»h<iu1(]  thiry  do   so?     What  pr«v«ote  tl>em   from   fl, 
Kiraight  otr  into  cpuoe?    Supposii^  it  to  be  lan  rf  lin^ 
that  from  a  part  of  the  uirth't  rocky  cmst  a  firmlr-Aii 
and  ti);bl]y-«tre1ohed  cluiin  tlartuj  towaids  the  ran, 
might  be  ineUned  to  conclude  that  the  nulb  ia  bdd  is  t 
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oreit  by  tlic  chain — tliat  Uie  ouii  twirU  t)ic  curth  iirouDd 
liiui,  as  a  Ixty  twirb  round  Ilia  bead  a  bull«^t  at  the  end  of 
string.  But  whjr  should  the  chain  be  needed  ?  aska  the 
live  mind.  It  is  a  fact  of  eiperience  tliat  bodies , 
attract  each  other  at  a  distance,  without  the  in- ' 
GntioD  of  any  chain.  Why  should  not  thfi  sua  and 
•o  altnuit  cadi  other  ?  and  why  xlioultl  not  the  fall 
bodies  from  «  height  be  the  result  of  thdr  uttractioa 
liy  the  eartli  ?  Here  tlien  wa  have  one  of  thoM  higher 
it«  of  spec  Ilia  I  ion,  which  grow  out  of  the  fniitful 
of  observation.  Jiaving  started  vith  the  savage,  and 
seoeations  of  mtucul&t  force,  we  pa^  on  to  tlio  obsop- 
itioa  of  force  exerted  between  a  ma{<:nct  and  rubbed 
ber,  and  the  bodiea  which  they  attract,  rising,  by  an 
unbroken  growth  of  ideas,  to  a  conct^tion  of  the  force  by 
which  sun  and  planets  arc  held  together. 

Thta  idctt  of  attraction  Wtween  sun  and  planets  had 
beeonuj  fiiiniliar  in  the  time  of  Newton.  H«  set  himself 
to  examint!  the  attTiiction;  and  here,  as  cWwhcri?,  wo 
id  the  ii|K!Cidattve  mind  £alliag  back  for  its  materiali 
a  experience.  It  had  been  obaer\'ed,  in  the  case  of 
magnetic  and  electric  bodies,  that  the  nearer  they  were 
brought  together  the  stronger  was  the  force  exerted  be- 
tween (hem  :  while,  by  increasing  the  distance,  the  force 
minishcd  rmtil  it  bcoamo  insensible.  Hence  the  infe^ 
oe  Uiat  the  assumed  pull  between  the  earth  and  tha 
would  be  influenced  by  their  diiitanoe  nxunder. 
Gueases  bad  been  made  as  to  ihe  exact  manner  in  which 
he  force  varied  with  the  di^ance ;  but,  in  the  oass  of 
ewton,  tlte  guess  was  «upplein«nted  by  being  brought 
the  aevcrv  te»t  of  i^xperiiuent  and  caloiilaliun.  Com- 
ing the  pidl  of  the  earth  upon  a  body  oloae  to  ita 
oe,  witji  the  pull  upon  the  moon,  340,000  milea 
away,  Xcwton  rigidly  established  the  hiw  of  variation 
itb  the  distance,  thus  placing  in  our  hands  ii  prinoipU 
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whicJi  enables  m  to  dutormine  lb«  daUe  of  oslrotwiiueal 
ov(!Qts  in  the  &r  historic  past,  or  to  the  distant  futtuc* 

But  on  bifl  vmj  to  tJiiM  gnai.  ruult  Xcwton  foiiad  nta 
ia  hts  ample  miud  for  otbei  canceptioni,  some  of  whjeti, 
intlcvd,  cDiistitiilod  Ui«  nwettuy  ftcppingHiluDM  U>  fau 
rcwult.  The  one  which  heie  coooena  us  moil  U  Ihii: 
according  to  Newton  not  only  does  the  >im  attnet  the 
earth,  and  the  cartb  attract  the  sun,  a*  wAuf«w,  but  eveiy 
particle  of  tbe  sua  attracU  ever;  partido  of  the  euti^ 
and  the  rererse.  iU«  conclusion  mis,  that  the  Bttnctiea 
of  tbc  mus&ce  was  Eimplj  the  sum  of  the  a 
thfir  const  ituvnt  parti  dos. 

This  result  Mrms  to  obvious  tint  jrou 
wiinder  at  laj' dwvlling  upon  It;  but  it  reoU; 
turning  point  in  our  notions  of  tarn.  Vou  have  pirolablf 
heard  of  lat«  of  certain  disUirbera  of  tbe  puMtc  feaee 
named  Deniociitu;,  Hpicunts,  and  Lucretius.  I'hoc  ntsi 
adopted,  d(ri'c1<^>od,  and  diffoaed  tbe  dangerous  (i«cCnn« 
of  atoms  and  molecules,  which  found  itfi  coosummatiim  is 
thix  city  of  MuQchfistcr  at  the  hands  of  tbo  immortal  Jalw 
Dalion.  Now,  the  grand  old  Pagans  whom  I  have  named. 
and  their  followent,  up  to  Ihe  time  of  Ncwtoo,  had  paeUB«d 
their  atoms  as  Ealling  aud  llyiug  through  rpactt,  hitting 
each  oilier,  and  cUn^ng  together  by  imagioaiy  hooks  and 
claws.  They  entirely  missed  the  central  idea  that  Ike 
atoms  and  molecules  could  come  togptber,  not  by  being 
fortuitou-ily  knocked  against  each  other,  but  by  thnt  owl 
mutual  attractiona.  This  ia  aae  of  tW  grtnt  stcpi 
by  Newton.  Ue  familiarised  tbe  world  with  lh<: 
tion  of  moit«ctilar/oros. 

In  Ihecasc  of  electricity  aud  msgVLtJ9a,a 

cise  of  force  had  borti  olxwrvcd— '  ■  n  bad  beenalwaj* 

seen  to  accompany  nltmction.    1  7  aoi 
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exuDples  of  wbst  are  caUc<l  polar  /orce»  ■  and  in 
16  case  of  magaeHBm,  ezperiencfi  itself  pnnliod  the  miad 
irredstilily  beyond  U»e  bounds  of  espericnoc,  compolling 
to  onncludir  ttint  tho  polarity  of  tbe  mngnci  wnsrcHt-, 
t  in  ilH  ini>Icculv!<.  I  huld  k  Ktnp  of  )ito<-I  by  its  centre, 
between  my  Snger  and  UiuedIi.  Odk  half  of  the  ttrip 
Bttiact^  and  tbe  other  half  repela,  tbo  norib  end  of  a 
ptic  nci^li.'.  I  break  the  Etrip  in  the  middle,  and 
oecurfi  ?  The  middle  point  or  wimitor  uf  the  mng- 
let  has  iihifted  to  (he  centre  uf  the  nfv  strip.  This 
f,  which  a  moment  ago  attracted  throttglioiit  ic»  entire 
len^^b  tbe  north  pole  of  a  magnetic  needle,  is  now 
divided  into  two  dgw  halvo^  one  of  which  vlioUy  attracts, 
the  other  of  irhivh  wholly  rcpds,  tiic  north  pole  of 
needle.  Thiu  thv  half,  when  broken  off,  proreit  to  bo 
perffct  n  matpict  us  the  whole.  You  may  linsik  thii , 
alf,  and  go  on  till  furtlter  breaking  becomes  impoKsibls 
ugh  tbe  very  emallaeSB  of  tite  fragments;  itill  you 
find  at  the  end  that  tbe  tmQllcst  fraf^mont  U  endowed 
with  two  poles,  and  is,  therefore,  a  perl'eci  uiiignet.  But 
jfoa  cannot  stop-  bcrc ;  you  imt^iii^  wliere  you  cannot 
«rpmmenl ;  and  reach  the  conclusion  entertained  by  alii 
ientifio  men,  that  tho  magnet  which  you  can  see  and 
is  an  assembl^e  of  molecular  magnets  wbicli  you 
cannot  see  and  feel,  but  which  must  be  intellectitally 
dtMcrned. 

Id  Uiis  [lOwcr  of  ideal  extension  oonsists  for  tiio  moat] 
part  the  difierenee  Iwtwwn  gr^-at  and  mediocre  inYeBtixj 
gatora.  Tbe  man  who  cannot  break  the  hounds  of  expiv 
rience,  but  holds  on  to  tbe  region  of  sonsiblo  facte,  may 
bo  as  excellent  obeerver,  but  be  is  no  philosopher,  and 
can  norcr  reach  tboae-  principles  which  rende4'  the  fecttj 
of  aoienoo  organic  Tme,  t)iv  rpectdalii-e  faculty  may 
.bii*e<l  like  all  gonxl  thitigH,  but  it  is  not  Ru-n  uf  science 
hat  are   moat   likely   to   abiine   it.     When,   more  than 
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ttiirty  ytxrt  ago,  &  townnniaii  of  joiit  own  accounted 
tbo  heat  of  dieintcsl  combinatioQ  bf  ifferrinj^  it  to  tba 
clash  of  Atoms  failing  tcgethor,  he  deocribed  ui  imago 
presented  to  bis  misd,  but  entirely  bej-ond  the  reach  of 
his  senses.  It  was,  however,  an  ima{*o  out  of  wbidi  grew 
memorable  consequences;  among  oth^ra  this  aat  of  a 
personal  nature.  The  wulU  of  Ihix  Ftob  Trade  Hall,  or 
ratlier  it*  )>n>deces»or,  Ivavc  rung  witb  the  fpccchce  of 
CoLd«n,  and  Bright,  and  Wilson.  Dut  at  the  Utnc  whm 
their  words  rolled  round  the  world,  the  enquirer  to 
whom  I  have  referred  was  silenU;  and  studiously  engaged 
in  your  city,  grnpptiug  with  the  problem  of  boat  and 
work,  and  by  implication  with  fiir  higher  probUnu.  Ke 
grappled  with  il  successfully,  bringing  il  inln  the  foil 
light  of  ex pc-Tt mental  demonstration.  And  I  ventiira  t« 
affirm  thai  in  the  coming  time,  not  e\-en  the  grt^  ont*in 
and  politicise  just  named,  not  eren  the  greatest  of  yn«r 
manufacturing  princes,  will  enjoy  a  purer,  a  more  penoa- 
nent  or  enviable  fame — t)t«ro  is  not  a  man  amongst  tlMa 
of  whom  }Tanehe!tte-r  will  be  more  jiwlly  proud,  than  of 
Jami.4  Prifvoll  Joule,  her  modtsl.  bn-vrer,  tnit  rencnmn) 
scientific  worker. 

We  liave  now  to  track  «till  further  the  growth  of  our 
notions  of  force,  ^^'o  have  leamnd  that  mngnrtinn  it 
a.  polar  force ;  and  experience  hints  that  a  force  of  thi* 
kind  may  exert  a  certwn  Etroctnial  power.  It  i*  Icnown, 
for  example,  lliitt  iron  filings  strewn  round  a  magnet 
arrange  Uierondvet  ia  detinile  liue«,  called,  Iiy  vamA, 
'  magnetic  curves,'  and,  by  Faraday,  *  Hitrs  of  magactie 
force.'  In  these  ohserved  roulis  of  magnetic  ptdarily 
we  find  Uio  material  for  epeculation,  in  an  appumtly 
dintanl  Rcld.  Vou  can  readily  make  an  experiment  nr 
two  for  younwlvcv  with  any  magnet.  Over  two  nugseU 
DOW  before  me,  is  apread  «  sheet  of  papr.  8a»ttma% 
irnn  fiUoga  orer  the  paper,  and   lapping  it,  lh»   fUis);* 


4 


CKY8TALS  AHD  AlOLRCt'LAa  FOftCB. 


ATI 


srrangr  Uitnuclvn  in  a  singiilur  mann«r.  Polar  force  is 
here  in  action,  ami  «very  partitrlu  of  the  iron  n^ponds  to 
Uiat  force.  The  consequoiue  is  a  certain  atriictural 
arrangcanent,  a  kind  of  architectuial  effort — if  I  insy  wo 
tbc  term — on  tlic  port  of  Ihc  iron  Blingv.  Ucrc  it  a  fact 
of  cspciri«&ce  wliicli,>i*  you  will  see  Immvdiately,  furuisbes 
furtlier  material  for  tho  mind  to  operate  upon,  rendering 
it  |>o3aibte  to  attain  iulellectual  clearness  and  repose,  while 
EpcculatiD|[  upon  apparently  remota  pheuomiMia. 

You  cannot  enter  a  quarry  and  Kcrutiuiw  tbe  tiixtiice 
of  tiie  rocks  without  )«.-<ring  that  it  )«  not  perfectly  bonio- 
g«D00iu.  If  the  quarry  be  of  grauilv,  you  find  the  rocks 
to  be  an  a^glomemtion  of  er^AtaU  of  quartz,  mica,  and 
felspar.  If  tbe  rocks  be  Hcdimentary,  you  find  tbem,  for 
the  most  part,  composed  of  crystalline  ^larticiea  derived 
from  older  rocks.  If  the  quarry  be  marble,  you  find  tbo 
firactiire  of  tbo  rock^  to  be  what  is  called  crystalUae 
fracture.  Thcw  ctystuls  are,  in  feet,  everywhere.  If 
you  break  a  xugnr-loaJ^  you  Bud  t.)ic  eutfnco  of  fracture 
to  b«  cotn]>oe«(l  of  small,  sliiuiug,  crj-atalline  surfaces. 
In  tlto  fracture  of  cast  iron  you  notice  tbe  same  thing; 
and  next  to  h'n  grciit  object  of  squeeEing  out  the  ou- 
tangied  gaa  from  hts  inottea  metal,  another  object  of  your 
celel)rated  townsman.  Sir  Joseph  Whitworth,  when  Iw 
subsequently  kneada  his  mojsra  of  white-hot  steel,  oa  if 
they  were  so  much  dough,  is  to  aboli^  this  crystalline 
structure  The  eliimng  surftocs  olwerved  in  tbu  cat»c  of 
cryxtnlline  fracture  arc  surfaces  of  weak  ooh««ion;  and 
when  you  come  to  examine  large  and  woU-developed 
crystals,  you  soon  learn  why  they  are  eo.  With  tlw 
edge  of  my  knife  I  try,  in. various  directions,  the  crystal 
of  sugar,  reforrcd  to  at  tlie  beginning  of  IhiH  lecture, 
and  find  it  obdurate ;  but  I  at  length  come  upon  a  direo-  • 
tiaa  in  which  it  splits)  cleanly  before  Die  knife,  revealing 
two  shining  turfaocs  of  cleavage.     Such  surboes  are  aeeit 
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when  jon  break  cast  iron,  and  tlic  mi'tal  is  sUcogtlKfie 
1>y  tbeir  aboliticm.     Other  cijttala  split  far  more 
than  siigar. 

Jn  tlic  coursii  of  scioDLiiic  investigstioii,  tbni,  w  t 
have  triixl  to  imptosd  upon  ;ou,  xre  tunke  oootiaial  tn- 
■^nioDt)  from  a  pitytucal  world,  wheie  wc  obMrre  fiKts, 
into  a  super-  or  sub-physical  world,  where  the  fiuds  tJadr 
alt  observation,  and  we  ai^e  thrown  back  upoo  tb« 
luring  power  of  the  mind,  hy  th«  agreement  or  di 
mont  of  our  picture  with  suhaequeot  otserration  it 
etand  or  fall.  K  it  rcprcecnt  a  rcalHy,  it  abides  with  wf^ 
if  not,  it  ^(s  like  an  unfixed  photograph  in  the  pmam 
of  mbsequent  lig^it.  Let  me  illiuttraU>  thiK.  Yon  know 
liow  Tcrjr  ea«y  it  is  to  cleave  elate  rotitc.  Vou  knov  that 
Snowdon,  lloniEter  Cng^  and  otht^r  hills  of  Walm  and 
Cumberland,  may  bo  thus  eloren  from  crown  to  Imk. 
How  wus  the  dcavajre  produced  ?  By  Kimplc  beddinj;  Of 
stratifieation,  yon  may  ancwrr.  But  the  an«wvr  wnnld  sol 
he  eorreet;  for,  m  Henatuw  and  Sedgwick  *bow«d,  thr 
cleavage  often  cut^  the  bedding  at  a  high  angh^     Well, 

'  here,  as  iu  other  cases,  the  mind,  endesTonri&g  to  Sttd  a 
cause,  passed  from  the  world  of  fiict  to  the  world  of  iuagw 
nutinn,  and  it  was  ti?»tim<-<l  lliat  slaty  clcavagi^  like  crystal- 

'linc  cleavage,  was  produced  l>y  polar  force.      Ai>d,  it 
an  interesting  oxperimcnt  of  Mr.  Justieo  Gttnt  douM 
called  u|N>n  to  support  this  view.     I  have  here,  in  a  i 
dcr  with  glass  ends,  a  fino  magnetie  mud,  cousuUng  i 
small  particles  of  oxide  of  iron  suspended  in  water.     Ta 

render  tbosc  stifpendcd  paitioles  polar  by 
itmd  Uw  cylinder  an  dectric  current ;  Kn<l  odd 
anseqaeneeof  this  action  may  be  rendered  eviduit. 
ent  the  particles  an   pr  '  i   in 

id, and  the  strongest  bi^um  u:  ..>...- ..^.^- 

through  tbetuibid  medium.    But  whon  the  '. 

they  mil  set  their  lengths  parallel   to  the  i 
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P^Iindnr,   and   light  immediately  flaaliee  out  upon   the 
•creea.     Now,  if  you  ima^ioe  th«  mtx)  of  ^lato  rocks  to 
re  beta  thus  nctcd  od,  so  nii  to  place  iU  particle*  with 
cir  IcD^tlis  in  a  oommon  dirpction,  sucli  ulongatod  and 
pttfticlv^  would,  wtic-n  solidified,  certaiDly  produce  * 
fKgB. 

Wan  we  iiave  a  sample  of  the  *  jading  photograph*; 

ir,  plausible  as  this  is,  it  is  oot  the  proper  explanation, 

the  clca^vage  of  the  slate  rocks  bciug  demoDstrnUy  not 

(eiTstaUiiic,  hut,  a*  shown  hy  SliArpe,  Sorby,  Haughton, 
utd  oiTKcir,  due  to  preitiure. 
I      Tlieoiit«ardforinsofcry»tabi:ii'e  various  and  Ix-autiful. 
A  quartz-crystal,  for  example,  is  a  six-sided  prism,  capp< 
at   each   end  hy  nix-aided   pyramids.      Bock-aalt,   wi 
which  your  neighbours  in  Cbethire  are  so  well  acquainted, 
erystalliMis  in  cubes;  and  it  can  bo  cloven   into  cubea 
u   ontil    you  cease   to  bo  qWo  to  cleave  further  for  tho 
^Brei)  smallncM  of  the  maracs.     Uock-calt  ia  thus  proved 
Pto  i»vo  three  plaues  of  clca\-ac^  at  right  angles  to  each 
^othor.      Iceland  spar  baa  also  three   planes  of  cWvag*^ 
H^ut  they  we  oblique  instead  of  rectaoigular,  the  crystal 
^l)cjng,  therefore,  a  rhomb  instead  of  a  cube.   Various  cij»- 
talx,  moreover,  ck-urc  willi  dilTercnt  fncilitien  in  ditTtireut 
direction*.    A  plajw  of '  prineipal  cleavage '  exidt«  in  those 
eryiiU]*,  and  It  is  acoompanfed  by  other  pUnos^  aometiinea 
of  equal,  somettmee  of  unequal,  value  u  regard*  ease  ot 
cleavage.     Heavy  spar,  for  example,  cleavea  into  prisma, 
with  a  rhombus  or  diamond-ebaped  figure  far  a  base.    It 

P'   ivea  with  greatest  ease  oorou  the  axis  of  the  priam, 
otlier  two  cleavages  having  equal  value*.     Seloiiite 
ivee  with  extreme  facility  in  one  direction,  and  with 
iqual  facilities  in  two  other  directions. 
Looking  at  thc^e  beautiful  ediJioes  and  their  internal 
itniclure,  the  pondering  mind  has  farced  upon  it  tbe  q' 
llow  have  these  crystals 
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the  origin  of  this  cryatalliD«  architecture?  Wit 
srowing;  the  boundsi?  of  experienco,  ire  can  nuke 
attempt  to  UDHWcr  this  qtic»tioD.  Vt'e  hKveobiuBed  d««r 
COQoeptioDB  of  polar  force :  we  know  that  polar  furw  nay 
be  resident  in  the  moloculM,  or  smallest  particles  of  maUer, 
and  that  br  the  play  of  thi«  force  struchiml  amtagement 
is  possible.  Whst,  in  relation  to  our  prt^wnt  questioa,  it 
the  naturat  action  of  a  mind  furnished  with  this  know- 
ledge 7  Why,  it  is  compelled  by  it«  bias  towards  unity  of 
principlu  to  transcend  oxpcrieneoi  and  endow  the  atoms 
Biid  molecules  of  which  these  crystuls  arc  built  with 
definite  poles,  whence  issue  attraetioo*  and  rcpoUions  for 
othvr  poles.  In  virtue  of  theitu  atUnctions  and  rrpulnont 
some  poles  are  dnwo  together,  some  retreat  from  end 
other ;  atom  is  thua  added  to  atom,  and  moletfnle  lo  noIe> 
oule,  not  l>oisterausly  or  fortuit^nsly,  but  silently  tod 
fiymmetxically,  and  in  aeeordance  with  laws  moie  rigid 
than  those  which  guide  a  human  builder  when  be  plaeei 
his  bricks  and  stones  together.  From  this  pUy  of  inv 
«ihle  pctrlicles  we  see  finally  growing  up  before  our  ey 
thette  Mipiisite  slriioturei*,  to  which  we  give  the  namo 
ergattUa. 

In  the  specimens  hitherto  placed  before  yuu  ilie 
of  the  atomic  architect  has  been  eompleted ;  but  you  f 
sec  him  immediate!]'  at  work.  In  tho  first  place,  bowev 
1  will  try  to  pull  to  pieces  brfore  your  eyes  one  of  lli«  i 
familiar  edifice*,  ordinary  icr.  The  agent  to  bo  i 
in  taking  down  the  mtdeculef  of  the  ice  is  a  suitably 
concentrated  Ix^m  of  heal.  Sent  nkitfully  thnntgb  the 
crystal,  the  beam  selects  certain  jioiuts  for  attack  ; 
about  tboce  points  it  works  silently,  undoing  the 
line  architecture,  and  reducing  to  tho  freclnm  of  H  (uMit 
molecules  which  bad  been  previously  locked  in  a  wU 
embrace.  The  liquefied  spaces  are  rendered  visiUe 
strong  illuminnlioiu     Round  numerous  pointa  in  the 
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idiog  lii\uiA  BnwftrM,  vaeh  witli  six  petalc,  and 

ivna  spot.      Tbey   grow  larger  and  larger^ 

^numing,  lu  thoy  do  bo,  beautifully  crimpetl  borders;  and 

ring,  if  I  might  use  Euch  terms,  the  pidns,  und  eIuU, 

vx((>ii.->itc  K'unf.  of  tJici  bonuttftd,  dupbiytM  by  nature 

fonoation  of  a  comnion  block  of  ici?. 
}IiT<!  wc  liav«  before  u»  a  proccf^  of  dctoolitioD,  which 
irly  rKveal*  the  mvcno  process  of  erection.     I  wish, 
Towcver,  to  iliow  you  the  molecules  in  the  act  of  following 
ir   archili^tund    inslinctii,  and    buildiuj:;   thcmeelvn 
iither.   Vou  kiiiiw  liow  alum,  nnd  nitre,  aud  Nugar  cry^ 
are   formed.      Tliu   xulMtanoe  to  be  cryUallised   ia 
Hiti'H  in  a  litjiud.and  tlic  Ii<)uid  is  permitti^d  to  «vap(^ 
I'hc  mlutioD  soon  becomes  piipcrsaturated,  for  oono 
thv  iKilid  it  carried  away  by  ovaponitiou  ;  and  thtia  tho 
lolcculfs,  no  longer  aWc  to  enjoy  the  frci-dom  of  liiiuidity, 
^^B«  up  U^uilicr  and  form  crystals     My  ohjtct  now  is  to 
^H)c4>  this  prooetu  inpid  enough  to  enable  you  to  see  it, 
HKd  Btill  not  loo  rajiid   to  be  followi-it   by  tho  oyc.     For 
ffte  purpose  a  powerftd  solar  micro&copo  and  an  intcnso 
source  of  light  are  needed.   Thoy  are  both  h<-re.    Pouring 
|i  wor  a  clean  plate  of  glass  a  solution  of  tal-aminoniuc,  aad 
placing  the  ghis*  on  it4 edge,  tho  execM  of  theli<|iml  dowa 
I  away,  but  a  film  clings  to  the  glav.     The  Ix^m  employed 
to  illununat«  tliis  61ni  lia.iten:^  its  era|)onition,  and  brings 
tiapidh'  into  a  state  of  ^upoisaiuration ;  and  now  you  sea 
I  ordeily  progre^  of  the  ciyatidlisation  over  tho  entir« 
You  may  prodiioo  something  similar  to  UiU  if 
r  brwtbe  upon  tho  frost  ferns  which  overspread  your 
-paiMM  in  winter,  and  pvrmit   Ute   liquid  to  re- 
lic?.    It  runs,  us  if  alive,  into  the  most  beautiful 
S^rm*. 

In  tills  case  tite  crystallising  force  is  hamperod  by  the 
adbeaton  of  the  liquid  to  the  glass ;  novortheless  the  |>by 
of  [lower  is  fitrikiDgly  beautiful.     In  the  next  example  our 
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crjstals  will  not  be  bo  eqiicIi  UoiiUcd  by  ndlif^iofl,  br 
gb»n  libonto  the  atomd  at  a  di»taao6  from  ibv  turtaM 
tbe  glawt.  Sending  an  electric  ciurent  thraugb  water, 
decompose  the  lit^uid,  and  the  babbles  uf  the  conatilui 
gases  rite  before  vour  ^as,  Sending  tbe  aame  eumnk 
throt^h  a  solution  of  acetate  of  lend,  the  lest)  is  liberated, 
nod  Hi  freo  atoms  build  tlicnurlvce  into  nrctaU  of  mar- 
Telloiia  boaiitj'.  Tbry  grow  ht-fitn  y»m  like  sprootini; 
fern*,  eshibiling  formti  as  waodfrfiil  iu>  if  the;  had  Uea 
produced  hy  the  play  of  vitality  iUelf.  Kitrete  of  ail 
tbiu  deoomposed,  produces  ailrer  tree«  of  exintordi: 
beauty.  The  Tnechaniam  of  tbe  proeeGs  is  rendered 
gible  by  the  picture  of  atomic  poles;  but  ther*  ia 
thing  here  incipient,  which  the  mind  of  man  hat  aenr 
yet  K-ized ;  and  which,  to  fur  as  reMarch  baa  peiietral< 
is  f;>und  indissolubly  jciined  wilfa  what  we  deapise  aa  ma 
I  haw  R-cn  tlicM:  tilings  bundrDdii  of  times  but 
witlvout  wondi^r.  And  |H)rhap«  you  woidd  allnit 
moment's  divi^rdon  from  my  subjeot,  to  my  that  oRtn 
in  t)ie  Hpring-lJme,  when  looking  with  dt"  '  >  1^ 
Bpmuting  foliage,  'considering'  the  Ulit-»  (tf  i 
sharing  the  general  joy  of  opening  life,  I  htnr 
myself  whethLT  there  is  oo  power,  being,  or  thia|f, 
the  universe,  whose  knowlodge  of  that  of  which  I 
Igitoraot  isgrcaUTthan  mine  I  hare^d  torayaeU^  Qn 
mikti'g  knowlodgc  Iw  tbe  greatest  knowlrdgt^— and  maa** 
lifuJhc  highc'Kt  lifv?'  My  friends,  the  [>itif«mnii  iif  tint 
Atheism  mth  which  I  am  sometimes  to  lightly  charged 
would,  in  my  c&se,  be  an  impossible  answer  U>  thi* 
tion :  only  slightly  preferable  Ui  that  6ef<«  and 
Theism  which  still  reigns  rampant  io  aome  minda, 
aurrival  of  a  more  ferocious  age. 

Id  tbefurmatiunof  utir  li-adand  sUTartnesiiWeDrfdcd 
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ui  agbDt  to  wr^  the  l«ad  and  the  silver  from  the  acidii 
witb  which  they  wcie  comhined.  A  similar  a|>«iit  is 
reqaiiecl  in  tbc  vc^;tublc  world.  The  solid  matter  of 
our  motalHc  trnw  was,  in  tlie  lintt  iDslanoc,  di^uicod  in  a 
tninKp.irciit  lii)iiid;  t]io  Kolid  iiuiUer  of  our  woods  and 
t(i.'<--''t^  i*  uIko,  for  UiG  mast  part,  diKgiiiBed  in  a  tramfparent 
gati,  formed  by  tlw  union  of  mrbon  and  oxygen,  and 
diSu^ed  in  small  quiintitios  in  the  atmosphere  Subjected 
to  aa  action  somewhat  aiuili>»ous  to  tluit  of  the  electric 
current,  io  the  casi  of  wur  lend  and  silver  volutions,  this 
gns  hu  Hn  earboD  libomted  and  <h;pw4itcd  nf  woody  fibre, 
U'ho  a<tticou3  vapour  of  tJw  air,  snbjeeti^l  in  a  timilar 
action,  ha<  its  hydrogen  liberated  from  its  oxygen,  tlie 
foriuer,  like  the  carbon,  entering  the  tissue  of  the  b^e. 
But  wliat  is  it  in  nature  that  plays  the  part  of  the  electric 
canent  in  our  experiments  ?  Tbc  light^wavea  of  (ha  eun. 
Tlie  leave«  of  plants  absorb  both  the  carbonic  acid  and  the 
Dqiii<nii«  vapour  of  Utc  air.  In  th«  luivc»,  the  solar  ray* 
(luoouipone  the  aoid  and  the  water,  permitting  the  oxygen, 
in  boUi  cases,  to  escape  into  the  air,  and  allowing  the 
sarhon  and  the  hydrogen  to  follow  the  bent  of  ihcir  orrn 
Btnictural  forces.  And  just  M  the  molecular  attractions 
of  lilt!  nilver  and  Uie  lead  found  expTi^tion  in  the  pro- 
dui^tiou  of  Ihoae  lieautiful  brandling  forni.t,  »een  in  our 
BxperimenUi,  so  do  tlie  molecular  at-lrnctlons  of  tlio  libe- 
rated carbon  and  hytUogea  lind  expression  in  the  arehitec- 
of  grasses,  pbuts,  and  trees. 


lu  tiie  fall  of  a  cataiai'L  and  in  the  rush  of  the  wind 
we  have  examplea  of  mectianical  power.  In  the  combina- 
tions of  diemistry,  and  in  the  formation  of  ciyKtiili  and 
vrgetables,  we  have  examplis*  of  molecular  power,  which 
may  l>a  turned  to  lutrchanical  account.  As  regards  our 
stort-  of  the  Inlter,  the  woild  may  Im  divided  into  twi> 
kinds  of  matter;  or  rather  the  matt«r  uf  the  world  may 
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Ik-  clasHiUcd  under  two  distinct  beub— namdy,  < 
Ri»U-ciilt-s  whicli  bsve  already  mahed  tof^etlier  ud< 
tbcir  mutual  attnictioOE,  and  atDms  and  idiiIcouIm  mhatt 
attjactions  arc,  ae  ^(^t,  unsatisfied.  Witb  regard  t« 
motive  power,  the  working  of  macbincrr,  or  the  fer- 
formance  of  mecbantcal  work  geoonll;,  by  mmu  of  lbs 
materiaU  of  tbe  carth*«  crust,  we  are  entirely  dnpetuknt 
oD  tfaoee  atoms  and  molecules  whose  attractiun*  ut 
yet  unsatisfied.  These  can  prodoca  motioD*  and  it 
this  molecular  motion  that  we  utilise  in  oar 
Y'c  c\a  get  powrr  nut  of  oxygen  and  hydro);es,  ilc 
tJic  act  of  tbeir  union,  Ttut  wltMi  tbcy  ore  oombia« 
and  when  the  motion  ronwciuftut  on  Uitjr  ami 
tioQ  bas  been  expended,  nu  further  power  can  be  gvt  «it' 
of  them.  As  dynamic  ageuts  tbey  are  dead.  Whea  we 
examine  (he  materials  of  the  oarlh  s  crrut,  we  Rod  tiietn 
coDBistiug  for  tlie  most  pan  of  subslanoca  whom 
have  alrrady  closed  in  chemical  uninn-^whow 
attractions  arc  satislicd.  Gisnit*^,  for  instance,  is  a  wid 
diflfiuod  substance;  but  granite  oonnifct^  in  gial 
silicon,  oxygen,  potassium,  calcium,  and  aluminium, 
atoms  met  long  ago  in  chemical  oimliiiialion,  and 
therefore  dead.  Ximcstone  is  aUo  a  widely-difFuMd  ml 
stance.  It  is  composed  of  carbon,  oxygen,  and  a 
calW  calcium.  But  thu  atoms  uf  ihvm  sulistancu  cIomJ 
long  a^o  in  chemical  union,  and  arc  tbcieTorv  ctcntallyat 

Ttt»t. 

In  this  way  we  miglit  go  over  tire  wbole  of  tbr 
materials  of  the  earth's  crust,  and  sati''  -  In*  Ibal 
though  they  were  snurces  of  power  in  a^  jnd 

before  any  bring  lutd  appeared  on  the  aurtncc  of  the  i 
npsble  of  Lunting  Ilroir  energies  tn  ■    ' 

BOurce*  of  power  uow.     And   Inu-e     ■ 
moment  to  remark  on  that  tendency,  to  pr«Tal(*at  io 
world,  to  regard   ttvciytbing  as  nuMtt*   Cir  bnman 
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'  who  ootcrtaui  tliia  notion  hold,  I  tbink,  so  over- 
weeniug  c^inioo  of  tbvir  own  importanou  in  tb«  >jstcm  of 
nature.  FU>vr«ra  bloomed  bcfora  mvu  «uw  theoa,  aad  Ibe 
quaxiUtjr  of  eaergy  wasted  bt:f»m  tnaa  could  utilise  i(,  ia 
all  tmt  ioluiite  compared  with  what  now  remainn  to  be 
applied.  W«  are  truly  heirs  of  all  the  Bgea;  but,  as 
faooe^t  men,  it  bchorcs  ua  to  know  the  eitent  of  our 
ioheritsQce ;  and,  as  bnve  ones,  not  to  whimper,  if  it 
ekoiild  prove  to  be  leas  than  we  mipposed.  Inordinate 
clainu  and  oxpectatiooB  are  not  iutetauj  to  the  nwulding 
of  livftltliy,  happy,  and  patriotic  men.  Not  with  beggarly 
(ear,  or  miilinous  ditcontunt,  but  rutbvr  with  elation  of 
mind,  ought  we  to  ucocpt  the  brolliirrhuod  affirmed  by  tho 
jKiet,  when  afkcd  the  use  of  tbe  beautiful  rbodora — 

Vrhy  tliuu  «srt  Uin*,  O  rini  ofth*  niwl 

1  MTw  Uionsht  to  uk,  I  iMfrni  know. 

Bw  in  mir  tisofle  ipujmiM  tuppo*a 

"Hm  Mir-MUB«  Vtunt  iWl  broiiBht  nie  fair*  btongbt  jou.* 

A  few  exceptions  to  the  {feneial  state  of  union  of  the 
ietes  of  the  vartb's  cru«t — viut,  in  relatiun  to  us,  but 
trivial  in  comparison  to  the  total  store  of  which  tlioy  ara 
tbe  residue — (till  remain.  Tliey  constitute  our  main 
sources  of  motive  power.  By  &r  the  moat  important  of 
these  are  our  beds  of  coal.  Distanoe  itill  iuturvenea 
between  the  atoms  of  carbon  and  Umbo  of  atmutpherio 
ozyi;ttn,  acroet  which  the  atonut  may  bo  urgt-d  by  their 
mutual  attractions:  und  we  can  utiline  tlu  motion  thus 
produced.  Once  Uiu  carbon  and  the  oi^gen  have  rushed 
toother,  so  as  to  form  carbonic  acid,  tiicir  mutual  attrac- 
tions are  Estiafied ;  and,  while  they  continue  in  this  con- 
dition, M  dynamic  ngeuts  Ihcy  are  dead.  A  pound  of 
coal  produces  by  it^  combination  with  oxygen  an  amount 
of  heat  which,  if  meclianically  applied,  would  raise  a 
wAJght  i>f  a   Ion  to  a  height  of  about  a  mile  above  tbf 

•  Brnttltm. 
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e«rtii*9  suifaoe.  CoorerBely,  &  ton  falling  from  the  kc 
of  s  nule>  and  striking  nguDifC  tbc  tarlJi,  would 
an  amount  or  bwl  equal  to  that  tieveloped  hy  Lbe  com- 
Ixistiuii  of  a  |>ound  of  coal.  Consider,  then,  tiit-  enonomu 
energies  of  our  coal-fields.  We  dig  anmialljr  {rata  cm 
pits  «boi^  100  millions  of  tona  of  coal,  the  ooobn^ 
tion  of  a  einglo  pound  of  which,  mtpiKK'tng  it  to  take 
place  in  a  minute,  would  L>e  equivalent  to  Uib  work  of  30(> 
hones.  If  we  mippose  120  millions  of  hones  working  dsT 
and  niglit  with  unimpaired  strength  for  s  year,  their 
united  energies  would  enable  them  to  perform  an  aiDoaat 
of  wwk  just  equivalent  to  Uie  annual  prodoee  of  oar  cal- 
fields.  Our  woods  and  forest*  are  alio  sources  of  medu- 
nical  energy,  becauas  tbc^  have  the  power  of  imiting  with 
the  atmofipheric  oxygen.  Pa»dng  from  planu  to  aninuU. 
we  find  Ihut  (he  (ource  of  motive  power  just  nCund 
to  is  also  tlie  source  of  muacular  power.  A  hon«  eaa 
perforu)  wurk,  and  to  can  a  man;  but  this  work  ia  »t 
bottom  the  molecularwork  of  the  elements  of  the  food  and 
the  oxygen  of  the  air.  We  Inhale  this  vital  gae,  and  bring 
it  into  suBtciently  close  proximity  with  tJw  mrboa  aod  tht 
hydrogen  of  tbo  food.  Tbeee  nnite  in  obodieoce  to  their 
mutual  attractions;  and  ibcir  motion  towanls  tveli  otLcs', 
pro|ierIy  tiinio<Uo  account  by  the  wonderful  mechanbmi' 
tlic  body,  boeomegi  miisctiUr  motion. 

Wherever  work  U  done  by  heat,  heat  di«)>[teatT.  Tht 
quantity  of  bnal.  coromunicated  tt>  the  boilef  of  a  worfctBf 
tteam^ngine  is  greater  tlian  that  obtatnalile  bam  lis 
recondensatjon  of  the  rtenm  after  it  hns  d  ...:i; 

and  the  amount  of  work  performed  it  tbe  vx  ■  ,  il-i.'- 
of  the  missing  amount  of  beat.  One  fundamcotal  tboogkl 
(i^rv^M)i^  all  nwlt  statemmt^:  there  is  one  tap  root  fioa 
which  they  all  spring.  Thu  is  the  aodcat  maxim  tkal 
out  of  nothing  nothing  comes ;  that  DeiUws  in  the  orgaai* 
world  Dor  in   the  iao^anio  ta  power  pioflnoed  wflbawi 
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I  expenditure  of  otlior  jxiwcr ;  tlint  neither  in  tb«  plant 
Dor  in  the  animal  ia  there  a  creation  of  force  or  motion. 
"VxeM  grow,  and  so  do  men  aitd  liorseB ;  and  here  we  bare 
new  power  iDceseanUy  introduced  upon  the  earth.  Out 
its  Kourcc,  as  I  have  alreadjr  stated,  is  the  sun.  For  it 
is  the  snn  that  wpatstM  th«  earbcin  from  thn  oiygcn  of 
tlie  carbonic  acid,  and  eoablM  them  to  reoimbine.  And 
whctber  ihoy  locombioc  in  tfao  furnace  of  the  stcaio- 
cngini:,  or  in  the  animal  body,  fbo  origin  of  tbcir  power  is 
the  fame.  In  tbiit  miihc  n-v  arc  all  *  souls  of  fire  and 
ebitdreo  of  Lbe  ttiin  ; '  but,  as  renaHifid  b;  Hclmboltx,  wa 
must  b«  content  to  share  our  celestial  podigre«  with  tbe 
meanest  of  living  things. 

I  look  to  a  still  remoter  brotherhood ;  but  we  are  bete 
upon  tho  edge  of  a  battlefield  which  I  do  not  intend  lo 
cnti.-r  lo-ui>;bt ;  from  wbicfa,  iudcvd,  I  bavi-  just  ifcapctl 
bcsputteri'd  and  bi-griiacd,  but  without  much  loes  of  heart 
or  bope.  It  only  remains  for  mo  to  bricAy  indicate  tho 
position  of  the  opposing  bost«.  From  t)ie  proooMCS  of  crys- 
tallisation wbicb  you  have  just  seen,  you  may  pnss  by 
ahnost  imperceptible  gradations  to  the  lowest  vegetable 
organisms,  and  from  tfa(«o  through  higher  ones  up  to  the 
uighrsL  Tliv  conflict  rcfurred  to  is :  that  wfacrcas  ono 
dftss  of  thinkers  regard  tlie  obtierved  adTaocc  from  tho 
crystalline,  tiirough  tho  vegetable  and  animal  worlds,  as 
an  unbroken  process  of  natural  growth,  thus  gnupiug 
tho  world,  inorfrunic  and  uiganic,  as  one  vast  and  indis- 
sotubly  connttctf  d  wliolv ;  tho  otlicr  class  suppose  tJiat  tbe 
pauage  from  the  inorganic  to  Uie  nrganio  required  a  dis- 
tinct creative  act,  and  that  to  produce  the  different  forms 
of  oiganisms,  both  in  tbe  world  of  fossils  and  in  tbe  world 
of  living  thin^,  st-parate  creative  sets  were  also  needed. 

Wbicb  ant  right  ai>d  wliicb  are  wrong  is,  I  submit, 
a  problem  for  reasonable  and  grave  dtscwalon,  and  not 
fi)r  anger  and  bard  name*.    The  question  cannot  bo  solved 
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— it  caanol  even  be  shdved — bj  J^agry  aliiue.  Nor  on 
it  be  answered  by  appeals  to  hopes  and  feat* — ta  « 
na  loiQ  or  gain,  here  nr  hereafter,  by  joining  the  otu> 
the  other  side.  Tho  bribe  of  cteinity  itaelf,  were  it 
sible  (o  offet  it,  cotdd  not  prerimt  the  bumaa  toind 
dosing  with  the  tnith.  Sccptidun  in  at  tbe  root  of  vu 
fears.  I  mooa  that  icepticism  which  holds  lliat  faunaa 
natoie,  being  essentially  corrupt  and  >ile,  will  go  to  niia 
if  tJie  props  of  our  oonveotiona]  theology  are  not  maib- 
tainnl.  Wh«n  I  seo  an  able,  and  in  nuiny  respects  a 
coiinigcoux,  muii,  ninuing  to  and  fro  upun  the  earth,  ud 
wringing  his  bauds  over  the  lliieat^nvd  loss  of  bis  tdob, 
I  feel  disposed  to  exhort  bim  to  cast  out  this  socptidaD; 
and  to  believe,  iindoubtingly,  that  in  the  mind  of  man  «« 
have  Die  Kubstntum  of  nil  idcoU.  Ve  have  tbcra  capvaty 
which  will  u  surely  and  infallibly  rcxpoud  to  the  ntter- 
atices  of  a,  tvMj  living  eouI,  as  string  rrapoods  to  stiiag 
when  die  proper  note  is  sounded.  It  is  the  funeliOD  of 
the  teacher  of  huiuunity  to  call  fortli  this  resonmoca  of  tte 
human  heart.  But  the  pas»ibility  of  doing  ao  dMpemii 
not  wholly  and  sokly  upon  him,  but  upon  the  aatwidct 
fact  that  the  coodltiou  for  ita  appeannc^  are  already 
there. 


Some  of  the  points  referred  to  in  this  fragment 
connected  with  tJieir  hislurio  antecedent*  in  tbe  aitids 
eutitlc-d  'The  Copley  Medallist  for  1S7I.* 


From  ike '  Time* '  of  Nov«mher  &,  1 874. 


b  Uedicinei  «  elaewliera,  knowledge  gn-m  an<l  conaulJOaba 
tbroiigh  the  oooflkt  ukI  Mlting  of  opiaiooa  and  oridracrii.  ^Vith 
Rjnrd  to  the  gmaX  elua  of  divniMt  kncwn  tui  cptiloraics,  which 
floorixl)  lliiongh  the  tmuAr  Iroin  plac«  to  pinoe,  and  from 
ppnoD  10  ptnoD,  oTs  BomMlung  vrliiuli  ct>Dtiiiu«s  to  extM  throogli 
i(«  own  f><>iFen  of  nprodactioo,  [ihjraicuDB  Iwve  Long  been 
divitkil  in  thvir  nottoon.  And  wicli  nigard  to  tbc  title  of  oa>>> 
taia  ducoNia  to  bo  ranked  m  «pid»inic  tho  opiniou  at  th« 
BmiiaJ  wnfUl  hava  been  etjiuily  divided.  Oc  ibis  last  qncatiou 
mora  Mpecinllf ,  tbeot«lic  notioaa  may  be  of  tbe  Itut  unportano\ 
for  thvf  man  or  lea  detcmiino  the  pbjrnciao'i  prnctioA,  and 
bare,  tbivdiMv,  a  dinxrt  braring  upon  the  live*  oommittod  to  bU 
Emr«. 

On  luirdly  nay  point  of  mediail  ifaeoi}',  and  tlie  practico 

I      Bowing  ftooi  it,  luia  thi«  divisoa  of  opinioa  b«ni  men  diuuict 
ilian  i>a  tka  (iiHwtion  of  tj|>luiid  («v«r.     Tbo  pitli  of  tlie  con* 
irovcr»7  b  tbia:  Can  tjphoid  fervr  be  generaled  anow  ?     I«  it 
pToduciit  \jy  the  deoompoMtioQ  tutd  puuisbctioD  of  aniimil  imd 
rrgotable  mbetancci^  or  ranat  tlie  innlt«r  prodiMing  it  hsTc  had 
provioQscontact  with  as  infected  body?    Inoibor  wonls^  forevery 
ouw  oMe  of  tjptioid  (ev«r  may  we  with  ctftunty  lofur  a  pro* 
«xiiting  due,  of  Whidi  tli«  new  oni:  it  inurely  tlie  propagation  or 
II       conlinoation  ;  or  arc  w«  <intiil«d  to  conclndo  that  orgonio  matter, 
k     wliiuli  baa  oeT«r  been  in  contact  witti  a  typhoid  patient,  i>,  in 
I     virtue  d[  iu  own  deootnpoKilioa,  capable  of  starting  the  r«vcr 
I     Htrw?     When  wo  conaixlcr  ihal  tliiii  punt  sends  1&,00I>  «f  lb« 
I     JaluiUtanlfl  of  tbeae  islands  yantly  to  ilie  grove,  and  oanaea 
■     J1M),000  to  piuB  tliiouph  its  protrnoted  niiscricH,  tbe  qnestion 
I     bora  atMcd  aAumea  the  very  gravaM  importance,  beenuM  oar 
I     relation  to  it  munt  determine  our  mode  of  attack  upon  lliiH  oncmy 
^^■f  oanknuL 
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HiA  podlioQ  ukeo  I>^  Dr.  Budd  in  nSatatt  to  Ibki 
tion,  11  one  mhicli  will  mi<l«r  bU  lutme  mciDornble  in  Uw  I 
nf  mcdiciiM).  In  the  work  tx^ro  tu  be  Mekfltopron  llntthi 
flretoE  tli«  positions  jott  bid  down  H  the  tnw  poMtictt;  tkM 
then  la  BO  nicli  llibg  m  tli«  tpontmeoDa  geaaatioa  c/  tjrp]icil 
&T«r ;  that  the  moludy  m  prop^ntcd,  M  mmXj  wm  itnil^as  ii 
prop^ftt«d  tliroagh  a  i^ocul  vimi^  bjr  ooola^oit.  H*  bflgiM  hf 
deTvIoping  liis  eridene«  on  tliia  bend ;  ht  ihta  fixn  iIm  priadpl 
•ml  of  Hw  ountvgiooB  nialt«r  in  the  intcalins  ;  b*  1 1  ■ibIiw  tL* 
nnture  of  the  iDteatintd  aflbotion,  the  Tdtiion  d  typbeid  fcrcr  M 
dcf««tir0  nwflnge,  tha  olanctcr  of  th«  ooub^oua  agrai,  6a 
CDiployment  of  iltsin&ctania  nnd  dmofcctian.  Hadi«sni^tL* 
to-oltcd  '  pj-thogcnic'  «r  pntnaunt  ih«oty,  and  wiitdt  op  wjii 
Keine  rciuarks  on  the  apoDlancoDa  origra  of  tjphotd  forw.  Tbt 
Sook,  from  twinning  to  cod,  ia  oM  cwnprdiwiTo  aiguiuwl, 
with  rtfcrcnoc  to  which  it  majrbvnid  that  lbs  &cta  alli^  an 
of  tti«  moai  oondtiaive  character,  whila  lh«  logic  wkicfa  hiadi 
ihi-m  Ui}^'lhcr  i<,  ns  &t  ns  I  can  aae,  dnplj  ineai«iy& 

7Iiiii  is  n  (]tt«ttioa  vhicb  ia  am*  to  oocnp^  (baMWation  i 
Icgi^atora  aa  well  as  of  plif  aiciaaa,  and  it  ta  ihtnfen  i 
to  place  it  in  th<r  ctcaiT«t  tint»cfanica]  %ht.  Dr.  huM  takaa  I 
rander  to  the  rillngo  of  North  Tawton,  whcnt  h«  « 
born  and  brooght  np,  and  cvtrj  inhabitant  of  which  wm  fm' 
aonallj  known  to  him.  In  the  rlUage  lliere  w»e  an  gwsi) 
tjMita  ottemn.  Round  iho  Mttagoaof  thoaa  who  ean»d  that 
bn-ad  witli  their  haoda,  and  who  (onnad  the  great  bolk  of  ife 
population,  vor«  co!k-ct«d  rarioaa  oAosire  natters  Sach 
cottage  or  gronp  of  lhn«  or  four  cottogn,  had  a  eomnoa  fn*7> 
tu  whicji  a  KUtple  esearatlon  in  the  groand  vrvod  aa  a  aniyooL 
In  man;  caaea,  bard  bj  ibe  cottage  door  lbnr«  was  am  tm^  m 
open  prirj-,  hut  a  dong-hMp,  where  pJga  noted  aad  iii  j«* 
For  a  long  prriod  there  waa  tirodi  oftmiTe  to  the  noH^  bat  a* 
flavor.'  An  inijuiry,  co&ducl«d  with  the  moK  aortipahm  can 
Hlivwed  ihnt  ibr  fifteen  ynn  there  had  b(«t  bo  affn*  ouhmk 
of  llio  diaordcr,  and  thai  for  n«>rl^  tm  jnra  there  had  bcm  mI; 
a  single  otae.  *  For  Ibe  derdopmeDl  of  tbi*  fiver,'  adda  Dc 
Itudd,  *  a  more  apciafio  dement  waa  needed  than  the  ndM,  ik 
dung-beapa,  or  the  privin  wfre  able  to  (imiah.* 

■  Tbi»l«ihii>v«|>>>riBiica(>rtlii>|«nnrptrt*a'KBataictL  Swp  {tl  b 
fenaa  aaMfeMttd  euu  sijcriann  h»a  lima  wt  m)  itwli  to  «■  l»&*itM«l<rf 
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Tluit  «l«iBeBt  at  leogih  came,  and  Ivnned  a  HUnJng-point 

from  mhith  Its  tiuther  progrtM  miglit  bo  Mcurdy  followed.     Oa 

Jul;  1 1,  1830,  a  caM  of  typbMi)  (na,  doubthM  imporUK!  from 

williout,  (K^cDRtxl   in  a  poor  and  crowd«d  dwolltn^,  and  before 

tbe  md  of  Norembw  ei^Iity  of  tii«  iu)iHt)ii4U)t«  had  miirer«d 

it ;  a  proportion  about  lli«  khiimi  as  tliat  now  sufli-ring  at 

Darwen.     The  reader  will,  1  Irmc,  bvar  etriotljr  in  wiud 

A  the  4jn4ation  now  bnTora  na  in,  nrhcthcr  tjpliaid  forcr  ia 

tagioiM,  oad  he  ia  naked  to  weigh  the  aoswcr  which   fiicta 

to  tliia  question.     Two  Mwjrera  living  nvar  ibe  tbickon 

lue  at  North  TWwton,  Icll  ill,  and  quitted  the  vilhi^  fur  their 

cn*n  homrai  at  Mnrchnrd,  where  no  previous  caac  of  t/phoid 

ftmr  bad  beeu.     In  two  da^s  ono  of  ihoac  men  took  to  hi*  bed, 

and  at  the  end  of  five  weeka  he  died.     Ten  days  after  his  death, 

bia  t¥ra  cfaiklren  were  laid  up  with  the  &v«r.     Tlio  i>th«r  anwj>^ 

■ka  took  tn  hia  bad,  and  wbca  at  the  wont    a  fiivnd  from  a 

diatanoo  came  to  tee  him,  and  aamM«d  to  raiw  him  in  bc^      On 

the  i«nth  daj  after,   tfaia    lri«ad  waa  aaiii^    with    ihe  l«vcr. 

Bdbra  be  became  nonvaleaocnt,  two  of  hia  diildren  wciv  atruck 

down,  and  fai*  brother,  who  lircd  at  a  diaianca,  but  who  {»Ri9 

to  aee  him,  also  fi'll  a  victim.     Waa  ihia  Kriee  of  ^venla  the 

rmiult  of  ohanoe,  i>r  waa  h  the  work  ot  oootag^ !      Lot  ua 

puraue  the  inquii;  further.     On  August  SO,  a  lira.  Lee  begim 

to  drot^  at  Nonh  Tawton,  and,  not  knowing  what  wae  impend- 

it>g.  ah«  visited  ber  brother  a«  Chaficombo,  aaTco  miles  off.    She 

waa  eunitten  with  the  ferer,  and  befbre  the  became  onnvaleaoent, 

luir  aialcr-in-tnw,  Mia.  Sncji,  who  had  nnracd  hrr,  was  atlaeked 

and  died  aubeequontlf .    Then  came  Mr.  Sncll,  tli«D  one  of  th« 

&rra  apprantioe^  ifani  a  daylubourer,  then  a  Mt«  Snell,  who 

bad  come  to  tako  chaiga  of  Um  hwaae  after  Mm  Sn«U'»  death ; 

aid,  finaU/i  a  group  oonidating  of  a  servant  man,  n  acrvant  girl, 

and  anothar  young  poaoo  who  had  acted  aa  nurae. 

Tli«  case  hara  anbmittad  to  the  icado  ia  not  one  of  mejioal 

pfactice^  but  of  oommoa  evidractt,  which  dooa  not  even  rvquire  a 

tnuned  adentiGc  mind  to  weigh  it,     L«t  m  proceed.     A  boy 

who  had  b««o  antilttn   at   Chaffeonibe  wont  to  his  mother's 

cottage  betwven  Bow  and  North  Tawton.     Before  be  mcovorod, 

^ia  moiber,  who  had  nursed  him,  sickened  and  diod.     Two 

^KiUren  ot  the  braity  next  door  wera  next  auacknd,  then  the 

^^Bler  pS  the  boy  who  hod  cnrned  the  iofoction  from  ChalTcotnba. 
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She,  in  her  vara,  r«anov*d  to  anatbvr  fhtoe,  and  bacama 
foens  for  the  pmpaf^oa  of  tltc  dimiw.  A^io.  to  ll^itra  the 
liHt  of  iimUila,  a  girt  naiiiad  Maij  Qibbings  wxs  Bent  b<am 
Cbaflcomba  to  her  botoo  al  LooaslMaiv,  fbor  nulea  oBT.  Ilan  dba 
lajr  ill  for  MTcnd  wetJuk  Bafora  iha  roeoraroil,  h^  fiihar  «u 
ReiMd.  A  lamMT  who  lived  acmai  tiia  road,  and  who  vuiial 
Gibbiogii,  w«s  next  Mrtidk  down.  Hla  onc  iraa  IbJlowed  b^ 
oifaets  uoder  tha  maia  roof;  and  tbo  fcrer,  «praMlmg  &ata  tfa^ 
to  othv  faouaea,  becamo  tht  centra  of  an  epUanie  wfaich  ff*- 
dually  extended  lo  the  wholo  hamlet. 

At  tti«  aaioe  timet  aeatlered  over  tlie  country  tidn,  wen  ■!■• 
tweo^  or  tLttly  other  luunleta,  in  each  'jf  which  wsrv  tha  naal 
manure  ynid,  the  inovitable  ^g*y,  and  the  mom  ptimiliw  K- 
eonmodation  for  boaian  &«eda,  <  The  ame  aun  abone  upon  aH 
alike  through  month  alter  noalh  oCtbe  aane  Itop,  dry,  antmiHBl 
wealber.  From  the  toil  of  all  thaae  bamlett  human  and  otW 
estiTi*  euibaled  into  tha  lur  lh«  ««me  potreaecnt  eaenpoand*  b 
about  ci)un1  abniidaace.  la  aofne  vi  tfaam,  tndtvd,  to  ipak  lb 
«xitct  truili,  theae  oomponod^  if  Ibe  noae  Bdgbt  ba  inuttad— and 
in  this  roatter  tbora  it  no  baiter  mtnaaa— vera  ranch  mora  r^ 
And  yet,  while  at  Looaebcare  a  large  proponioo  of  tfaa  bhaibii- 
nnle  ynin  lying  ptoettate  with  fbrer,  ts  not  ooe  out  at  tba  twuy 
or  thirty  aiinilar  kamltla  wu  there  a  inngla  caaa^'  *  Tbera-te  en 
ooufuitian  of  datn  here;  ""  t-W "T  tiriiitiniiiniiii  In  the  iilnai  iw'i 
vwon,  no  flaw,  m  fiu  aa  I  can  aea,  in  kti  raaaomni^  He  fcOan 
the  morbific  i^ent  from  plaee  to  plaec^  aeaa  it  plamed,  ilarefcya^ 
ebcddiog  ila  ends,  ptoduoing  new  cr^w;  growing  up  whan 
18  (Own, and  there  only.  Adipiia  &il  to  doTalopit;  pai 
foil*  to  doTclop  it;  atencb  Ula  to  derelep  it;  aewn  ifca  _ 
privy  is  powvrieaa  aa  long  aa  Et  ia  kept  fron  from  the  iViBbii|ii 
of  ihoee  already  attacked.  TbecaauoTNonh  Tawum  Miypial; 
uuinurvna  other  oaaaa  equally  eoDcInnva  are  «.t>l»<— i— tn—f; 
ihem  the  fen)  condition  of  the  Thanea  in  iha  hot  w««ihcr  tf 
18A8and  1S59,  when  tteach  &«  thcfinttisM'raee  totbaUcil 
of  an  fatttoiio  ev«it ; '  and  Kfaen,  niiTeilliiliiM,  Imadea,  vrai 
along  the  river,  enjoyed  a  singular  immnnl^  froaa  fctw.     It  u, 

•  WHh  fadi  etUoMe  ae  tU«  Ufora  ma.  tornhtrnti^  ■  It  k  hik 
iDiirt  (liTaniBo]  ■snaw  by  mj  vwm  •spnriMMB,  I  riMil  tttwft  tie  n 
piiikM*  titlur  On  knovlotee  v  tlw  edMtlAe  iDOipatMM  e(  iMM  <(  tbw 
whehkveoiadatU*Uti«iiieMlii«Gto(eritu»m.  ^H 
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ib: 


'  think,  impoKibl*  <br  mnjr  intvllignnt  reader,  mhA  I  cfaonfd  my 
cCTlainl}'  irapoMibk  for  my  nua  iniiDeil  to  K:I«nti6c  tnuoniQg, 
to  quit  Dr.  Budd'fl  volume  vrithoat  oIonok  *itl<  hii  concltwon,  < 
(hut  th«  liriitg  iamum  froc/y  it  the  wtl  in  whicA  the  tpte^fic  pofnn 
iff  typhoid  ftttr  brttdt  aiut  mtuttiptia. 

What  is  tho  snl  of  ili«  poison  7  Dr.  Budi)  la  too  oratMnu 
to  tliiit  out  tlM  powibilit)'  of  infection  hy  any  of  tbo  eDianation*  ' 
frcm  X  p«mn  miSbriBg  from  tbs  disMM.  But  lie  epccinl  anil 
■Imoat  exdONTS  loeiit  ie  A*  dMawd  intntlne.  Ifo  giTcx 
drnwinE*  Md  photognplis  ot  thfi  bowd  at  TXrioiu  »tagn  of  ili« 
(ti«raw;kod  it  in  hardly  pomblo  to  took  oo  tbcM  without  coming 
to  tli«  conclnnon  that  the  nholo  interior  aartact  of  lh«  bowda 
is  llw  wat  of  an  erap^n.  The  pnatolw  or  protubennt  patches 
Bailed  '  Pcryi-r'a  patehca,'  thidtm  and  itaod  out  ia  roliaf  from  the 
mifiuo  of  tbo  gilt,  'rbny  fod,  In  uk  the  word*  of  Cbomel,  as  if 
a  aolid  and  elaHic  suhat«nea  bsd  been  iowertcd  bvtireen  the 
enals  of  tbe  iat«atine,  wliile^  when  a  patch  is  cut  through,  ira 
Uxttirc  ia  aoon  to  bo  occupied  by  a  ydlowiiih- while  cbceao-like 
matter.  *  This  ia  tha  pMuliar  "  typhoid  matbr  "  whoae  preaeaoe 
Ja  typical  of  the  dtsMiet^  and  whoM  fbnnatloa  and  elimination 
ooDNlitnt*  tho  caKoco  of  tbu  intestinal  proooa*.*  Loiiia  haa  nudo 
nrefti]  obaarratioos  u  to  tho  dumioti  of  tha  a)*in«  dbcharge  ' 
wbich  acccmpaniea  typhoid  fever,  and  finds  it  to  be  in  mild 
cmM  is,  and  in  Mrvero  caaes  25  daja.  Fi»  this  period,  ihorn- 
fiivp,  vrtty  indiriilnal  lonitten  at  Over  Darwen  has  )>ccn  (looditig  ! 
the  undraincd  ground  nith  the  poiM>n  of  this  contagious  fever. 
It  reaehea  the  drinking  water ;  it  partially  dries  and  floata  hi  tho 
Kir;  it  Km*  nMichanicolly  with  the  j^B-l>iil)b1cB  iuiiing  frn«n  coaa- 
pooU,aod  thtisthe  pestilence wrnpR  like  an  aimotpharq the  entire 
community. 

How  oonld  a  disease  whorm  clinracterialioa  are  so  acvurcly 
dnDonsttahle  have  ever  be«n  imngiaed  to  be  non-oonlaglooa  ? 
How  oould  sDcb  a  ductHne  be  followed  out,  aa  it  ha*  been,  to 
tha  dnatroctioa  of  human  life  T  Uainly  becaiiM  pmdice  in 
citiM,  where  the  grmtaal  medical  mithoritiea  reside,  was  directly 
caletUated  to  throw  the  phyaiciiui  off  tli«  scent.  The  aoat  of  llic 
dieeaae  bdng  the  loieetine,  with  wcll-npponited  water^loaeii 
it  t*  not  in  the  aick-room  Uut  the  miaehief  ia  done,  but  oftan  at 
a  dislHiea  from  tho  tick-nmm,  through  Ui»  agency  of  tha  *»wer, 
which  Budd  graphically  daacriboi  aa  *  a  direct  oontiniiaiion  of 
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the  dbtuod  iolMtiac.*  Haoco  die  mystic  pomv  of  '  mnt-gm. 
Uotoe  die  inabilit;  of  tbe  uHitopolitin  praoiliinm  lo  tnee  iW 
diMue  to  ita  ootigiiu  Hence  iba  inunuaitj  of  nBdnioed  wnuy 
villigM  M»  long  M  the  iqieMfic  poison  ktcjn  a.vny ;  sdi]  bence  ■W 
the  localised  mvn^efi  of  tho  distsM  id  mak  Tillsgee  am  kmd  m  It 
itppean. 

Wvre  it  not  tknt  I  hare  nlrowljr  dnwn  Eu  too  hoarilj  npan 
your  spnoe,  I  might  cnlajge  iij>oa  tbcs*  culij«cti.  I  wtU  UbU 
myself  to  one  mora  point  of  aonnModiiig  int«r«at.  Wltkt  ia  ibe 
Mtgre  of  (be  Ijpboiil  poison  T  The  '  yeUuw  typLoid  mfttur,' 
Already  reGurod  to,  Budd  descrQMe  u  mnde  up  of  Dnelcewd 
celli^  The  term  'g^nn-tbooity '  dose  not,  to  my  knovMgr, 
occur  once  in  the  voltuiHi  poeublj  becaoM  of  iho  oppoeaiioa  a»d 
ridicuk  *  which  tbat  dMOiy  etwoiuilered  in  Uie  BnglMfa  UaBcil 
ProM.  Over  sad  oret  sgam  Bu Jd  fpcwla  uf  '  genos ; '  but  It 
n^gbt  be  iinnguMd  tbu  be  used  tbc  word  ligin«tively.  lium 
vrbo  knew  biu,  bowevar,  «»re  wdl  smre  that  ibis  was  not  dw 
cue;  And  la  the  early  part  of  the  preeeol  Toluine,  kti«T  describ- 
ing ibo  cabmittM  incident  to  ^pboid  favcr,  be  moufca;  *lt 
is  bnmilistuig  tlMt  imue  such  m  tbota  sbonld  be  ramnpnt 
on  tbo  powwre  of  u  agent  so  low  in  tbe  scale  of  bebtg  tbat  ibe 
tnildcw  wbich  springe  on  deoeyiog  wood  must  be  eonndcrad 
bi^  ia  ooraforison.'  Poor  or  five  yeen  ego,  I,  an  vataitt, 
v«aturetl  upon  this  ground  of  medkal  tboory,  for  it  iorolrod  no 
knowledge  of  medioal  practice,  but  amply  a  capadly  lo  V(i|b 
evidence;  end  Um  erideuce  ibat  epidemic  diMasesmre  |«iMlie 
appeared  lo  me  very  strong.  On  Jddo  9|  ISJl.  I  TCanned  te 
exprcM  myself  tbos :  '  With  Ibtir  nepectin  riniaee  you  msy 
plant  ^-pboid  fever,  ecarlatiDS,  or  ««Upox.  What  an  the 
crops  that  arise  from  tfau  liusbandty  7  As  anielj  a* «  tloMk 
rises  from  a  tbistlc-seed,  ss  surely  ■*  tbc  fig  comsa  Aocn  Um  ij, 
tbe  grape  from  the  grape,  %&d  tha  tbon  trom  (be  tlwa,  m 
sniely  does  tbe  typboid  tiros  increaee  and  mnltJidy  into  ty|^al 
fever,  tbe  scariatina  vinia  into  tcartauiia,  tbe  snallpox  tvb* 
into  mallpox.  What  is  tbe  conoluaioa  that  soggeata  iueU  bue  t 
It  te  this:  that  tbe  thing  which  we  rsgasly  call  a  vlras  is  ta 
all  iatcntii  and  porpoees  a  Utd;  that,  excluding  tbc  tmtia  st 
Titality,  in  tbe  wbnk  tai^  uf  chemical  aiienoe  jen  oaaoi  pnl 
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to  «a  AciioB  whJcli  tUuatnW  llii«  fttfoct  parallelism  with  Ui* 
phcnomcDB  or  lifn—  tliis  denwDStraled  powur  of  Bdf-iuultiplic--ilii>n 
and  roprodnction.'  *  It  wn  Um  daor  wut  powerful  wrtlinga  of 
'WiUikca  Budd,  joined  to  data  of  tho  illiutrioii*  rut^ur,  thnt 
won  mc  to  Uhmo  vicvu.  It  U  partly  with  a  view  of  siampiitg 
at  a  rcoTpiive  inoin«ni  laluuiry  truttis  upon  tb«  public  tuUid,  but 
part]j,  also,  throogh  llM  disira  of  rendering  juatioo  to  a  noble 
■nhJIect,  vrhicli  Ium  been  lit«ralljf'  «cri6cod  to  Um  public  good, 
that  I  dmw  attcntwo,  not  only  to  (be  maal^rty  combtnalion  of 
obserraiion  aod  infer«uioe  exliitiit4.>d  from  beginning  to  «id  of 
Dr.  Budd't  volume,  but  aim  to  the  crowning  Gict,  alrmly  pab- 
liiAed  in  tbo  mciiiml  journals  and  to  which  my  attention  waa 
6rat  drawn  by  my  cmiaeot  friend  Mr  Simon,  that  Or.  Klein 
faaa  rec«iiily  dinoovert^  the  v«ry  oisanim  wlucb  licaat  the  root 
of  all  tJie  miacliief,  and  to  the  dortnietion  of  whiob  nodical  and 
ajury  ft^ill  will  boncefortb  badireotod.* 
1  am.  Sir, 

Your  obedient  tarvaiit, 

JoBK  TlNMLU 

InsnTonoa:  Xoa.6. 


Il*MtteeonBd(vatiaa>bN«niontJaDa>ltliat*iray*<lBU»C  tlivnntarl; 
'  th^  tkia  bmM  pownrhlij  inAiuDc*  mjr  oettvietioni  AlU.  Abi!  i1k7 
renwa  if  tk*  eaowl  r*latka  bttvNo  ncolly  ctiacoTVnd  oiigaiuniu 
I  tpidwnh  diM*H  w«ni  lUiprovMl  to-DUimw. — I.  T„  Uarrli  I87II, 
*  Dr.  HniefaMm  b>V'  t^*  tri''  MfManw  to  t>r.  Elcio  Miiiujtnbia 
pcominiaiM  ia  ki*  romuki  hefan  tha  Pallrakgiatl  Smtt;  oo  Ma;  4,  WS, 
Ho  diJ  nut  gafipU  wiUi  Uu  ugmBWili  of  Dr.  Bodd,  nor  Mttaj^  (o  ihav 
whj,  «bta  trarjr  oooditioa  laid  dovo  bjr  himadf  far  the  fvodwUeo  of 
^jMd  fcTOr  b  priMBt,  the  Cmr  fail*  to  b«  praducad-    8m  p  [M. 
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Heat  as  a  Mode  of  Motion.     N«w  odition.     l9mo. 

Cloth,  13.00. 
On  Sound:   A  Cotim  of  Eifiht  Leeturw  delircr^d  M  tli« 

Rojn]  Ift'tllotion  of  Grwit  BriUia.     Illo«rBl«l.     12ido. 

New  *Jlti^.n.    Cl«lb,  ♦2.00, 

famnents  of  Science  for  Unscientific  People.  A 
berios  of  Detached  Ewy*.  L*clii(c^  und  Kftvlews.  lama 
New  revised  «nd  cnUrgud  odilion.    Clolb,  fS.SO. 

Lieht  and  Electricity :  Not«  of  Two  Ooat*w  o(  Ucttirea 
Uforo  tb«  Itojal  Inrtitutloo  of  Or«t  Britaio.     ISmo. 

ciotii,  «i.se. 
essons  in  Electricity,  at  tie  Rojo]  iMtitQtion,  ie7B-'7«. 

r2rao.    Ololl],  $1.00. 
ours  of  Exercise  in  the  Alps.     With  UliutraticDs. 

13:uo.     Clotb,  i.-2.CiO. 

araday  as  a  Discoverer.    A  Memoir,    isioo.    (Hotli, 

in  Forms  of  Water,  in  Olouds,  RivAn,  loe,  eod  Olaoi^ra. 
(<'  Iiit«m«tMKiat  SdeoUOe  Seri«*."}  With  SQ  Itliutralions. 
13IBO.    aotfa,(1.00. 

ootributions  to  Molecular  Physics  In  ihe  Domoin  o( 
KiulUol  Iliiai.    »-^.w). 

>ix  Lectures  on  Light.  Delirwcd  \o  America  In  1B7V 
'73.  Vuh  an  A|ip«odix  an<j  nuai«roii«  lIliulrMion)^ 
Olotb,  91.50. 

anquet,  Proo««diii»  ot.  GSvon  at  Delmonlco'f)  Noir  York, 
Fdl'ioary  4, 1*18-    PftpOT,  CO  oonbi 

Address  d»liv(>r«d  before  tbit  BritUh  AMOcittioB,  MMmbM  at 
UdfiuL  Reruod,  with  Additioai,  bj  the  aoibor,  ablM 
tlie  DbMttrj.    13mo.    raper,  AO  «Mktt. 

FM  Mb  b;  >11  Iroohadkn ;  or  imt  bj  moD,  poctfMld,  on  nociiit  gf 

D.  APPUETON  A  CO.,  PubUehero, 

I,  I,  ft  S  Boav  8mxT,  Niw  Totta. 


Works  of  Arabella  B.  Buckley. 

Life  and  Her  Children.  ■ 

GliupMs  of  Auim-*!  Iif«  rrom  the  AnKcba  to  tbe  IdmcU.  ^^ 

B7  Amulll   B.   Bocxut,  •Qtbor  of  "Tba  Ftlrj-Uai 

ot  Soicooe,"  «to.    Vitb  opwanl  of  One  Hsadrcd  IBHtJ*- 

tiooa.    Itmo.    Cloth,  price,  (1^. 

Camrvm:   L  Life  wd  bar  CblidNa.— II.  UEt'*  EIapi«M  CUUm: 

ho*  Uiv;  LiTB.  u^  ll0T^  uid  BntU.— IlL  Bi>wfip««cai  Li'^ — IV.  1W 

Lutu.Tlirowen  oT  tb«  Poodt  lad  Qcmm. — T.  Bo«  SUibb  W«Jk  nd 

BcB-L'rcliiui  Gro*— VI.    T%t  H*Ml»CoTcn4   AwnMk.  vmI  bow  ikiT 

Livo  wiib  Qndi  ud  viiliaM  item.— TIL  The  OoUula  at  Xttimti  IMt; 

ud  iha  Elud&ringBd  IbIbaI*  bj  Sn  u>d  b;  Lead.— TIIL  Tl.*  MiM 

WuHon  of  (h>  Sm,  «lth  Rfatsod  Bodln  uid  JoiiiWd  >*iyt.— IZ.  T1« 

8Du«-WMTvr«  uid  iliiir  nuniisji  BwlkLloDK^ — X.    Invtct  iWkn«  utS 

Bi\tn,  nliicli  CbiagB  Ibrir  Coat*,  but  not  iMa  Boditi.— XL   lawct 

Onawn*  md  SinKsa,  whi-:fa  Bnnodel  ibrii  BodlM  wilhfai  l>i«ir  C^ua.— 

XIL  IntallSgtat  InMcU  villi  BclplH*  CbJUm,  w  BiUUalad  bj  At  AMt. 

Fairy-Land  of  Science.  _ 

Bj  Akabklu  B.  BroKUT,  ratfaoir  of' *A  Short  tMmf 
of  Natural  Science,"  Me.    VHb  niniianHU  Dlutntlau. 
19in«.    Cloth.    Prico,  $1JII>. 
"  It  imertf  to  Ukr  a  pcmanwt  ptam  ia  Ibe  limBlniw  of  joadL"— 
Xoni/iHi  TVmd. 

"  So  iiiUrfMlift  tliai,  hanng  once  MMncd  tbo  booli,  vb  da  act  kaoa 
bow  to  IMTC  oir  r«MliBf^"— &ft>ri*ji  Jbfjnr. 

A  Shorl  History  or  Natural  Science  and  the 
Progress  of  Discovery, 

FROM  THK  TtllE  OF  THE  GREEKS  TO  THE  PRES- 
ENT D.\T.    For6cb(MbaiidT«ng  Ptninit    ^r -Aw- 
BEU.A  B.  BircKiXT.    Wllh  niuftrailou.     ttaw.     ChO. 
Prie^tS.oo. 
'AnoM  adminble  iiltbtoliuM^    Tt  i«  a  daiaififd  rJM^  •(  a* 
chief  dfacovsriM  fat  fkjtktl  adaoec;    To  11m  ytaf  ■todoit  h  t«  a  bMi 
to  op«n  op  iwv  worloi  <rith  t/ttwf  chaptM."— OnuUe. 

■•  Tht  booli  irtll  U  a  raluatklt  aid  tn  tha  Radr  of  Iba  ilfrM  tT-t- 
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THE    BRAIN 


AN  ORGAN  OF  MIND. 

By  H.   CHAR.I.TON  BASTIAN, 
«STsaB  or 'r^uuMi  noM  uus  naum." 


WITH     NUMEROUS     1 1.1.USTRATIONS. 


Ona  voIdbi*,  ISmo,  706  p«cc*- 


OloUi,  prlM,  Ut.60. 


■"Or.  {tauUn'i  Doir  book  is  eon  of  grut  thIul-  ui<1  iniporUnM.  Tbit 
kii0*MitahKiTMtoiuilT«Ml  In  UtcUlnu,  and  of  momciil  lu  viui]rbodr. 
h  ■faouH  U  fortbwtUi  tntrodncwd  U  •  muiiul  bio  ill  college*,  Ugh 
•cbooU,  and  nonual  Mhool*  in  the  oouMrr;  not  ta  b«  taftdc  a  nattw  of 
orritatrj  mcchaiiinl  KciUiiaat*,  but  thM  it*  xiltjvcl  tsftjr  ut«M  UMntlon 
MhI  tpate  iaUmt,  and  tia  lodf[ed  in  (li*  miiid*  ol  Mud«tiU  in  oonnoction 
■ilb  abMnaliooi  and  tjparlnwQU  (hal  iriil  ^va  toaElji  t«  lb«  knonledgo 
.  Mquirtid." 

*"niii  work  b  Uio  btct  tmoii  ot  \*a  kind.  It  ii  tolt,  and  at  tho  Hmi 
tin>«  mndM  i  compnlwniiTi^  but  oonfinnl  to  ■  rcaiUbh  limit ;  and, 
Ihoagh  U  dcala  «iUi  nanj  lubtte  tuttlocu.  It  nponndi  tbcm  Id  a  (Ijla 
vhieh  ti  adninblD  for  iu  «lMni*M  and  tlniptidtjr.'' 

Tnm  (W  Vtmttm  "AOauMb" 
*"n*  nillcil  Kicntific  cipocltloti  jot  pabllihad  of  Di*  Hem  luld  on 
tb*  Mb}ect  of  pajvbokifiT  bj  Uio  tdT*a«*d  phjilologica]  (clioaL      It 
iMsa  aitb  aim  taS  niUMtlr*  IiUm.** 


FOR  SALE  BY  AU   »OOKtfLLCn«. 


A  At>PLETO!i  ft*  a».,  P^UiihtTt. 

I,  a,  *  S  Bm»  •»(,  Hi*  Tgi 


A  PHYSICAL  TREATISE 

ox 

Electricity  and  Magnetism 

vt 
J.  E  H.  GORDON,  RA, 

unmun  tmtsitxi  at  t»«  Mmn  utunKnm. 


Src.  wllb  Bbaat  Twn  nandrrd   fnll-fwcp  ■&■!  Mkrr  llhM> 
irotlsB*.     CIsib,  t>rtR,  •>.••. 


"  V«  wekoiue  nioel  hvwlilj  Mr.  Gordoo'a  nlotblo  «MiUib«I>«  U 
Un  etpcninciiul  lidc  of  the  iciciiM.  It  at  oen  t*k«a  itt  plkw  amaf 
the  bookx  Willi  ahicb  crct;  inreitigatar  uul  ntrr  UMlKr  »k>  gm*  t^ 
yuDil  the  Ri«reM  riiil[n)«ot«  tcBBI  otad*  tqnip  UmMtf.  Thcr*  b  cwiiMt 
oobuokia  Engl)«b—v«lliisklh«*«[iiKiii«  in  wj  other  bag«>g»_*UA 
eotor*  <(uil«  tha  Mm*  ground.  It  roMtdi  tbi  M«al  mMtU  irdi^tsd  b 
ili«  cxpcfinMslal  tNatnwnt  of  doetrieal  jitolflcnui.  It  dcKtibM  «tA  » 
mil*  MMftaliMM  ibe iBrtnuMBti  and  uMkod*  in hk  b  p^Tderi htainii 
riM,  and  li  prodigal  ftT  baanilAdlr  uamled  diagruna  ml  diM^p  ■•* 
to  voalc"— TTmta. 

"  Wu  tiavo  DO  Imitatlaa  In  njioit  Ihcl  Mr.  Gonloa'a  booh  «fll  tMapf 
a  dwttraJ  placo  lU*  bj  i^  w!tb  lli«  «kaaIo  vorii  of  rmltiii  Oak 
Uaiwell.  .  . .  Th*  aijlt  i*  cImt  and  m*j,  ibc  dotcripdaw  uemato  ttd 
(u;  to  andcntaad,  and  Uio  iBi^aiM  at*  wwlltw.  n«  boak  Bb  «v  * 
Moiou  pp  fai  our  MfcnMa  Dbf«lM.'*-^IW|r  JAm. 

"  lo  •AA*.  work,  aa  hi  DO  oiliff,  wa  tnd  ottaltwl  dcacripfloM  if  ^d- 
«rs  iMiruBMati.  .  .  .  Tba  ftotlior  ha*  rtown  kiawida  iinill^niwi  ■ 
ImUt*  JudfiMiU,  IdUbbIO  aoiutiBlaM*  «iib  Ibc  mvlhwU  of  i^lwl 
work,  ud  iritb  the  rtcord*  «r  Bucb  vorit.  .  .   "     T*u  B^jwrtr 

"Tho  AiBdamntd  point  to  the  wbola  notk  bi  Ha  pariMi  tAat&e^d 
all  tbat  bi  boat  la  tb«  modem  nodta  of  H|i>nBn|[  d«ct>1«  and  . 
fi .mil  till) iiiliiiwiihcidaiif  iiiiMiiirillmlgiiriltall 

"Thla  mwitiulad  itwbeok."— Tlf  TtoeiUr. 

"  Wa  bio«r  DO  book  on  doetricii]'  ao  baairiMUIj  naatntad.**— .VaM*  ' 


LECnUCin  AMD  MAGKETISM.  hi  i.  E.  H.  GOBDQN  (cantlnmd). 

**Ho  rtadtr  «ronSa>i7  oultun  «aa  fail  to  coTDprelieod  tbe  n>luia  cf 
be  KtiQU  obiob  Ur.  Oordon  dcwribn  and  cxplainL"— ^wttotor. 

"Too  KTcu  pniM  CM  tiM  wdl  b«  |[(T«it  to  tb«  dcMripltoo,  Dl9*lt«- 
Bon,  uu)  tBodoi  of  wing  modem  hinnitD«tiU." — JUkMcmh. 

'Orrmlnant  t>1ii«  la  (tudettU  In  UiU  dcpartmenl  of  icIcnM^"— 
teoAvny. 

"  Be  linn  produced  «hU  (or  •  jc&t  or  loo,  pctbafs  nrra  lan^LiT,  istut 

F  the  Btnndsrd«uCboritf  iqiOQclccin>lag7,  uid  what  for  b  period  ufgrvst 

at  iDolcubtilc  l(niK(l>  i""'!  ^  *  dmp\j  Inlorealing  chrooiele  of  tbe  moct 

(iQiful,  moM  |ir(^uU,  apocb  ia  Iho  tildoiyof  Ihit  idtnco. "— tfltitrirf 

Tuna. 

'  An  admlrablo  cKpoMlion  of  tlie  pifMot  bw«  or  elK(n>iiMgDt(le  m(> 
COM." — ^nfKgfiM  KtpuUiam. 

"  Tbn  vntk  fllb  k  itkp  In  our  (dtsllBa  lltentunv    The  luthor  !iiu 
dona  bit  work  thoroo^j  tad  well,  gMuR  ■■*  nuofa  roMSit  maim  not  to 
tfbmul  In  other  Uat-bock*.     IttWJ  Inuhrrand  crcry  ■dranced  gluclpiit 
'  phjutc*,  M  well  M  arwj  UMMttr,  will  vuil  the  volume*.  "—AhIoh 
tud  of  C^itmiilrg. 

"  Viv  Builior  ii  DIM  of  thaw  Ibonvgh  Ktendfle  itadonU  whotc  Mngo 

r  attainment  in  bis  chown  dcpMUoiant  i*  ool;  eqiuUd  bj  hli  modr^; 

nd  rinocrlt]'.    Tldi  work  will  iuidoabl«dl;  inpcnwda  til  other*  whleh 

Dpt  to  cnvrr  the  Kuno  K^onnd,  m  II  Ir  the  Ul««t,  lUlMt,  and  bSM 

oa  th»  ■abjvM  which  lua  ;M  appMred.     Tli«  book  It  Gnelj  lllii*- 

d,  and  in  U»ttf  oonatitotcs  a  libnrjr  of  iclcntiSc  bfonnation." — Chi- 

'No  pwiton*  work  hut  «nl«rtd  w  ftilljr  Into  minute  drtall  of  oiprri- 
DOdU  and  oipUlaad  theia  to  •Mi<ir«l*ly,  tad  at  tbe  uuie  time  kept  no 
I  from  wchnicaliliM  a<  to  b«  Interfsting  to  crcrf  btclligciit  niwler." 
— C^tenfa  hlir-Oatn. 

"  Tbe  ralae  of  tbe  two  voluanta  b  |ct«u1;  enhanced  bj  ibe  ciMllenco 
'  (he  tgana.  ilrawlDgi^  and  diagraioa,  that  UkJinu  tbcn.    Tbe  tnort 
plioaicd  inilntiDCOtn  and  appanuiu  are  ao  depleted  aa  to  b«  mmj  ta 
Ddeaund."— iiMfoN  Oaitm. 


Ar  atfr  fty  aff  fmakuBm ;  or  itiU  bi  /cntarAd  en  rtt*^  o/  prie$, 

D.  APPLinON'  ft  00.,  PublUbvn, 

1,  8,  a  8  Bomi  Sncn,  Kiw  Tou. 


HERBERT  SPENCER'S  WORKS. 

Tub  Scikxck  or  RooinT:  anamlji  ^^^^ 

L  The  Studr  of  Sociology.    (-'tnUniAtbnalBdMiUflc  ^ 
SariM^'^    Udo.    Clotfa,  $1.50.  ■ 

u.  The    Principles   of   Sociology.     Vol  1.     Unb. 
Cloth,  ii.oo.  ^ 

UL  Ceremonial  Institutions.    iFlm  Cart  ol  Voi.  n  of  H 
"PttDdpleeorSodologr.")    Umo.    ClMb.|l.AS.  H 

IT.  DescriptiTe  Sociology;  or,  Grmim  ot  Sodoli^fasl 
FacU^  cliuw£«d  and  uraa^'«d  b;  [iKmnti  Smrcn,  Cok- 
pUud  and  sb*tncted  bj  David  Doncui,  U.  A.,  PrcfcMor 
or  Logk,  «tc.,  in  tfao  PnMideoor  OoUag*,  lUdrM ;  RIelkwd 
Bck«ppIg,Pli.D.:  &na  JsmwColUw.  Svml'wta.la 
folio.    HOO  M«h.    Kov  naij: 

Nol  1,  DlTtdon  m.  Part  I  C.    Exoum.    OompBid 

abatrMted  bj  Jmmb  CoIIlar. 
Ko.  4.  WtWoo  n.  Part  I  B.    Asouwr  MEnojsa,  CcxTUi. 

AtruroASB,  OHIBIno^  a*d  Axoemi  PurvuxB.     CMd- 

piled  and  abstracted  hj  Richard  Bcli<ppiff.  Pb.  D. 
Kn.  R,  Dlrinioo  I,  Pnrt  I  A.    Ttpu  nr  -nix  Lorar  Bacm. 

Kkoiittto  Ractdl    UjLUtTnPoi.'ntnux  lUcm.    Oon^lM 

and  abstracted  bj  Profeawr  I>ar1d  Dnnoaiu 
Ko.  4,  DiTitioB  I,  Fart  IT  A.    Anoaur  Baon.    OompIM  aai 

abMracUd  bj  Profeaaor  Darld  DnnctB. 
Ko.  S.  DivWoB  f.  Part  m  A.     Amatio  Biccl     Coaipaed 

and  abatracM  b;  ProfM»or  D«vid  Dmmn. 
Nol  fl,  DiTuioa  I,  Part  IT  A.    Kosnt  axd  Bom  *-— ^" 

Baoh.     Caiii[>il«al   nod   ab«tnut«d   bj-  Profnaor  DaiU 

Dtucaa 
Ko.  7,  niiidoD  IT.  Part  11  B.     Hmaim  axo  Pmnnrum 

Ooniwltd  mi  abstracted  bj  RUiard  BtUvt^fig,  Fit.  D. 


1% 


i 


vsR'a  wosi 


Education  :  totelicctaa],  Moral,  and  rhjricaL    IZmo.    Cloth, 
(1.80.    CiwHp  oditioa.    Paper  ooror,  DO  oent*. 

■trst  Principles.    iSmo.    Clotb,  |3.oo. 

Essays  :  Uoml,  PoiilkiJ,  and  £ithcUo.    ISmo.    Ootli,  $3M. 

Illustrations  of  Universal  Progress.    A  p<Joc^ob  ot 
lii*  but  Papun.     ISmo.    CloUi,  (S.OO. 

iai  Statics  ;  or.  tfao  CondltloDs  KaMDtla)  to  Bunao  Bttp- 
p\aa»  SpcciSod,  and  tbc  First  of  tbtm  Developed.    ISoio. 

csiA  ts.oo. 

The  Principles  of  Biology.  Two  voK,  Ifcao.  Cloth, 
(4.00. 

The  Principles  of  Psychology.  Two  roltt,  iSroo, 
Clolb,  (4.00. 

Eecent  Discussions  in  Science,  Philosophy,  and 
Morals.  New  nad  uuUi^uil  nlilion.  t£iiK>.  Cloth, 
(S.0O. 

Data  of  Ethics.     VoL  I  of  "Tl*  PriodplM  of  Kthics." 
PartL    11(110.    Ck>Ui,$1.25. 

Philosophy  of  Style.    ISno.    Flexible  cloth,  6o  mou. 


For  Mk  bj  bB  bodadlcn ;  or  Nut  hj  ntaU,  port-p^,  on  w«ripi  ol 
pric* 

D.  APPLETON  &  CO.,  Publishers, 

1,  S,  a  S  Boxa  Brun,  Hn*  Toab 


THOMAS  H.  HUXLEY'S  WORKS 

The  Crayfish:  An  luuvductiixi  to  tbo  Sutdf  ot  Zoiho. 
With  6'3  Ittii^tntlona.  <"  iDtcmatioBsl  tideatifle  S«rl«0 
ISuio.     Cluth,  priiw,  tl.TA. 

Science  Primers :  Introductory,    ismo.   FkziUe 
Mowito. 

Man's  Place  la  Nature.     limtK    ClaOt,  9I.S9. 

On  the  Origin  of  Species.    iSma    Cloth,  |l.«a 

More  Criticisms  on   Darwin,  and  AdtnioistratiTe 

Nihilism.      12mo.     I.inip  cIolL,  COccnU 


Manual  of  the  Anatomy  of  Veitebrated  Anintals. 

IlluBlral«d.     ISmo.    Clotb,  tSJO. 


Manual  of  the  Anatomy  of  Invertebrated  Animals. 

ISiuo.     |S.oO. 

Lay   Sermons,    Addresses,   and    Reviews,     isna, 
ClutL,  »1.T5. 

Critiques  and  Addresses,    lino.    CloA.ttj[o. 


4 


American  Addresses;    witli  a  Locum  on  a>»  Stud? 

BioioKT.      tSniO.     Clotb,  tLSS. 

Physiography :    An  latrodaclton  to  the  Stad;  oT  Xatare. 
WiUi  I»afttnilioii>  and  Color«d  PlBlM.    ISmo.  UcAt*^ 

Huxley  and  Youmans's  Elements  of  Pbystologr 
and  Hygiene.    B/T.  IL  Qvxur  and  W.  J.  ToniAm 

13m«.    il.GO. 


Fbr  Mlt  br  d  bookMOen ;  or  uait  b;  mmI,  pw«p«]J,  m  iratu  ft 
price. 

D.  APPLETON  *  CC  PubUshere, 

I.  9,  i  ft  Bkw»  Snsi.  .to  Tmi. 


4 
4 


rfo- 


CHARLES  DARWIN'S  WORKS. 

The  Power  of  Movement  in  Plants.  %  Cb^blu 
IIauuis,  LU  D^  F.  K.S,,  i)jMisl4>d   bv  Frascin  Dabvu, 

)rigin  of  Spcdes  by  Means  of  Natural  Selection, 
or  the  Preservation  of  Favored  Races  in 
the  Struggle  for  Life.  N«w  uul  r«*i>«J  «<liiion, 
vriUi  AJditioikf.     l'2iii».    Uloth,  12.00. 

)esceat  of  Man,  and  Selection  in  Relation  to 
Sex.  Willi  lUHuy  Il!u=lralttins,  A  new  vdition.  Vlaio. 
Cioth,  %^.W. 

foumal  of  Researches  into  the  Natural  History 
and  Geology  of  the  Countries  visited  during 
the  Voyage  of  H.  M.  S.  Beagle  round  the 

World.     A  now  «liU<in.     !2:iiii.     C'lolli,  ^2.00. 

Emotional  Expressions  of  Man  and  the  Lower 
Animals,    limo.    Cloih.  $3.60. 

'be  Variation  of  Animals  and  Plants  under  Do- 
mestication. Amtiorliod  tdllioo,  with  a  Profaws  bf 
Profrannr  A**  ObaT.     S  voIf^    Illaotriitc*].    Cloth,  $fi.OO. 

Insectivorous  Plants,    lamo.    Cloth,  %im. 

lovements  and  Habits  of  Climbing  Plants.    Boc- 

c>ii<I  edition,  rovisetl.     Witli  Illuitraliuiiii.     12iimi.     Clutli, 

'he  Various  Contrivances  by  which  Orchids  are 
fertilized  by  Insects.  BcooimI  edlilon,  rwiW,  witli 
iIlauratiuTiA.     ISmu,    Cloth,  |1.7((. 

*he  Effects  of  Cross  and  Self  Fertilization  in  the 
Vegetable  Kingdom,    isuio.    Cloth,  ♦2.0(>. 

Different  Forms  of  Flowers  on  Plants  of  the 
same  Species.      With  lllartntioaK      ISnio.      Cloth, 

!  Mk  b;  an  bookMlkn ;  or  MVt  bj  mult,  pi«H>^>  <>■>  f^f^  ^ 

D.  APPLETON  A  CO..  Pulilishors, 

I,  S,  ii  a  IkmD  Sfxn,  Knv  Vmc. 


Works  of  Alexander  Bain,  LL.D., 


i  Qv  MQiD  tM  m  CVCnSHTT  o#  *P**-"™. 


Svw  ivffMd  aJlttfltt. 


LOOIO, 

UEDirCTIVE  AKD  dDDCTIVK. 

MENTAI.  SCIENCE : 

A  Ciiiii|i«iiiUuia  cf  rsjchctogp  ad  Birtoij  of  Phfflatffcy. 
Cloth,  «I.SO. 

MOILAI.  SCIENCE : 

ACompoiuiiiiinorEilika.    12mp^    Clea^|l.>0. 

IT. 
MIND  AND  BODY. 

'ni«  Tlieurirs  at  iLtk  SttaOOBt.    {Fbnntng  ■  rotuM  id  *ttt 
Intrrutian^  ScicUiCe  Stria.")     ISwi.    CkOli,  tLtO. 

V. 

TEE  SENSES  AND  THE  INTELZXOT. 

Hex  olilioo.    Sto.  Ooiii,  ILOO. 
VL 

THE  EMOTIOira  AZTD  THE  Wllilb 

Tbinl  fliiion.     gvu.    ilcHt,  t*.W. 

Vlt 

EDUCATION  AS  A  SCIENCE. 

(PoNtlDft  a  Tolinn*  of  "Th*    IkUnMltnal  SamUb  Sariw^ 
liaiK    C'luUi,«I.TA. 

~T1>B««rk  atooU  ba«om*«  tan-book  lb*  Hatbtn.nMMW 
tUfl;  ot  ihoncblltHlf .  bot  ncd  tM  IH  nxgMtlmuM."— SmIm 

"rtwteMrltelD  I*  001  aooTio*  In  OibaiU.    In*  TOi^  t> 
nqMcw  Bn  UKlisr,  pumn,  and  m>Il."-miaMpUa  ^«ra 

<^waik  or  pwt  nUi*  to  Ml  laaCbMS  ate  IWly  B  fciUlHiwMrj  " 


D.  APfLETON  A  CO.  PubliMMr« 


.x> 


.f 


PRIMERS 
in  scrsucE,  history,  and  uteratubr. 

ISmo.    .    .    .    F1uxibl«  cloth,  4S  c«oU  Moh. 


L— KiliwJ  bj  FraCwMK  QDXLBT,  KOSCO^  ud  BALPOCB 

STEW  ART. 

eClENCe   PRIMERS. 

,  Inlroduotory.,...  T.  a.  Bcn-n. 

Chamlstry ,. B.  K,  Rokqk 

PhyMa» ,„ Huxn*  im*u*. 

PhykiCAl  O«oarapliy., .....^  tena 

Oootogy. „.,.„.„ A.  Obkik 

Ph)r»iot<>(rj> Jl.  p«»wi 

Aairanofuy .,.h,...i...  .-.*».  Lee^TM. 

Ooiany , , J.  D-Houun. 

Va^ie W.  8  Jirnm. 

Iiivnntional  0«Onwtry -W,  O.  Smcnt. 

I'MinofoKa , jWxftui  Tii.1t/m, 

PontloBl  eoonofny „., «.  9.  Ji 


lU-BdiUd  br  J.  a.  ORKRM,  W.  A.,  AaxUr  fa  Ot  AJkoT  ■/  Moitnt 
Hiilory  of  d/prdL 

HISTORY   PRIMERS.' 

.CA.rn** 

HCKDunov. 

FOjia , , , .....t  A.  Funut. 

OMOrMk  U<W J.  P  M*«*JTT. 

Roraun  Antlqultlfla A.  8.  Wnjura. 

Ooogmptiy „ GUoaaB  UaBTSi 


O.       ._ 
ttome. 


IS 


ra— EdlKd  bj  J.  B.  GllKEN.  U.  A. 
LITERATURE    PRIMERS- 


Bngllah  Orttmnuip K.I 

fcnallalt  LtUntlur* SramMA.! 

PhtUilogy *.  1 

ctaa^cMkf  a«o0F«i>far , „ u  .  .jt-r.DiMfc 

9n»k»ap«*r« J.  ■»*■■>. 

Studtuln  tlpy*nl .,..„ -J.  A\WIM. 

Or«oli  L.lt«murs. K.O.  Jm. 

Homsp.. _ K  S.  OuiiMVini 

BnQUaltCocnpoBltlon.....,, » Xltl 


f(M<r.ib>r4h»>>K> 


■nuettM 


I*  nika  H  hXb  InMUolH*  Md  (oMnMUtt  ID  my  T«»F  *9'K!!l^  ?  fl.'' 
4MMtbi4rBliid*MMIiidlHiftain  i«iMn)T«tnMie*nBr^>M  ■■  <» 
U<M>  Sortw  M»  almpl*  npMmniU  I*«  l«  J<rH-A  l«llB(  -pta  tt. 

(•W  Iralk*  *f  (Mb  KlMMlL      lly  IkH  BMM  Ik*  pOpH";  ""Wf-*  '{."'tSi^ 

tke  WBHT  1*  tMfwtiBl  B  M  lo  ivalii  wtlluuti  diamtr  Uu  hcM  WnagW 
w»*«r  otetrwlM.  Tin  woo^Mi  vbic*  ilbtmM  !*«•  pCww  •«"•  »• 
r-HT inrriiir  ir^dnihl^  inn  i  nitilnliii  Ttin iril  M  tl^ "~* 


APPLETONS'  SCHOOL  READER! 

ContitUng  of  Five  Book*. 


ini.T.HASEU,LLD.,  A.  J.BICKOrT,  A.M-,  MASK  BAILXT,A.K., 


IPPl.FTOXs'  FIB5T  KEIDEB tUUH  Qufto, 

iPPt.>:T»>^'  SFJ051>  KKIDKK „...llM, 

IPPLITOAS^  THIKD   SElDHt !(■•, 

irPLCTOSS'  FOtSTH   REIUCB. .....Itat, 

IPPLETOSS'  FlITB   KEtDU - Ita*, 


lU 
III 
US 

<TI 


CHIEF    MERITS. 

Thna  B«*d*n,  oblli  ■loMInf  cctnin*  and  {a>t-*UM  Vmtmttm,  i 
tulo  ana  li>nDuiilc»*  wkola  l^icTinltB*iiIU4MlraUttalMUMla*d  to*i 
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